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expression cassette comprising sequence (1) under the control of a 
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region; (3) a self -replicating plasmid contg. cassette (2) ; and (4) a 
recombinant eukaryotic or prokaryotic cell contg. sequence (1) , 
cassette (2) or plasmid (3) . 
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(57) Abstract 

Recombinant polypeptides consisting of an adhesive portion derived from the structure of the vWF which is at least par- 
tially antagonistic to the bond between said vWF and the platelets and/or the subendothelium, as well as a portion for stabilising 
and presenting it in vivo; preparation thereof; and pharmaceutical compositions containing said polypeptides. 

(57)Abrege 

La presente invention coricerne des polypeptides recombinants composes d'un partie adhesive derivee de la structure du 
vWF capable d'antagoniser au moins partiellement la liaison du vWF aux plaquettes et/ou au sous-endothelium, et d'une partie 
permettant sa stabilisation et sa presentation in vivo, leur preparation et des compositions pharmaceutiques les contenant 
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POLYPEPTIDES ANTITHROMBOTIQUES » ANTAGONISTES DE LA LIAISON DU VWF AUX 
PLAQUETTES ET/OU AU SOUS-ENDOTHELIUM. 



La presente invention concerne de nouveaux polypeptides 
5 antithrombotiques, leur preparation et des compositions pharmaceutiques les 
contenant Plus particulierement, la presente invention concerne de nouveaux 
polypeptides comportant une parti e derivee de la structure du facteur de von 
Willehrand (vWF) et intrins&quement capable de se fixer aux plaquettes sanguines 
et/ou au sous-endothelium. 

10 Le vWF est une proteine glycosylee de 2813 acides amines comprenant une 

sequence signal de 22 residus, un region "pro" de 741 residus et une proteine mature 
de 2050 acides amines organisee en plusieurs structures repetees [Titani K. et al. ( 
Biochemistry 25 (1986) 3171-3184; Verweij C.L. et al. f EMBO J. £ (1986) 1839- 
1847]. Cette glycoprotein complexe est presente in vivo, soit stock&e dans des 

15 vesicules specialisees des cellules endotheliales ou des plaquettes, soit sous forme 
circulante dans le plasma sanguin apres secretion et maturation proteolytique lors du 
processus de secretion, Les formes circulantes du vWF sont presentes sous la forme 
de multimeres de haut poids moleculaire Qusqu'a 20 000 kDa) et dont le protomere 
est un dim&e d'envircm 450 kDa. Le gene du vWF a 6te clone et sequence par 

20 plusieurs equipes et mappe sur le bras court du chromosome 12 [Sadler JJL et al., 
Proc. Natl. Acad Sci. £2 (1985) 6394-6398; Verweij GL. et al. f EMBO J. 5 (1986) 
1839-1847; Shelton-Inloes B.B. et al. f Biochemistry 25 (1986) 3164-3171; Bonthron 
D. et al M Nucleic Acids Res. 21 (1986) 7125-7127; Ginsburg D. et aL f Science 228 
(1985) 1401-1406], 

25 Le vWF est implique dans la genese des thrombus arteriels par une 

interaction complexe et mal comprise entre certains composants du sous- 
endothelium d'une part et les plaquettes sanguines d'autre part (et notamment les 
recepteurs GPlb plaquettaires). Un point important est que le vWF plasmatique 
circulant ne lie pas spontanement les recepteurs GPlb des plaquettes, et il est 

30 vraisemblable que son interaction avec le sous-endothelium soit necessaire pour 
demasquer son (ses) site(s) d'interaction avec les plaquettes, par exemple a la suite 
d'un changement conf ormationnel du vWF. L'interaction entre le vWF ainsi active et 
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les GPlb plaquettaires conduit a l'activation des plaquettes sanguines qui acquierent 
alors la capacite de s'aggreger et de gerierer un thrombus fibrino-cellulaire en 
presence de certaines proteines adhesives (fibrinogene, thrombospondine, vWF 
etc..). 

5 Compte tenu de son role precoce dans l'activation plaquettaire, le vWF 

constitue une cible pharmacologique de choix pour la realisation d'agents 
antithrombotiques. Toutefois, de nombreuses difficultes doivent etre surmontees 
pour pouvoir exploiter cette molecule sur le plan pharmacologique : l'incapacit6 du 
vWF circulant a lier les plaquettes, la meconnaissance de la contribution respective 

10 des differentes fonctions adhesives du vWF (sous-endoth§lium et plaquettes) dans 
son activite thrombogenique, la difficulty de produire & des niveaux suffisamment 
eleves des produrts suffisamment purs et homogdnes pour pouvoir dtre utilises 
comme agents therapeutiques, la taille importante du vWF et sa complexity la 
dynamique de sa structure tertiaire, etc.. Certains fragments du vWF ont ete obtenus 

15 par digestion proteolytique et etudies sur le plan pharmacologique. Des fragments 
recombinants ont egalement ete produhs [EP 255 206 ; Sugimoto M. et al., 
Biochemistry 2Q (1991) 5202-5209 ; Azuma H. et aL, J. BioL Chem. 2gfi (1991) 
12342-12347]. II ressort de ces etudes que les molecules obtenues ne sont pas 
totalement satisfaisantes, et en particulier, ne se comportent pas comme des 

20 antagonistes optimaux de Tinteraction vWF-plaquettes en l'absence de certains 
ligands non physiologiques (tels que la ristocetine ou la botrocetine par exemple), ou 
encore doivent etre modifies chimiquement (reduction et alkylation par exemple), 
probablement pour demasquer les sites cryptiques de liaison du vWF i la GPlb 
plaquettaire. 

25 La presente invention fournit de nouvelles molecules intrinsfequement 

capables d'antagoniser au moins partiellement Tactivation plaquettaire. Les 
molecules de Tinvention component une partie adhesive derivfee de la structure du 
vWF et une partie permettant sa presentation fonctionnelle et assurant la stabilite et 
la distribution in vivo de la molecule. La demanderesse a en effet montre qtfil est 

30 possible de coupler genetiquement le vWF a une structure de nature prot§ique f et de 
produire de telles molecules a des niveaux satisf aisants. Les molecules de Tinvention 
perraettent de plus de generer et tfutiliser de petites structures derivees du vWF et 
done tres specifiques d'un effet recherche (par exemple antagonistes de la seule 
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interaction vWF-GPlb). La demanderesse a par ailleurs montre qu'un tel couplage 
favorisait la presentation de cette structure i son/ses sites de liaison. Les 
polypeptides de Tinvention permettent done d'exposer, au sein d'une structure stable, 
des structures derivees du vWF capables d ! antagoniser au moins partiellement la 
5 liaison du vWF aux plaquettes, et de ce fait d'inhiber l'activation plaquettaire. Les 
polypeptides de Tinvention permettent egalement d'exposer, au sein d'une structure 
stable, des structures derivees du vWF capables d'antagoniser au moins partiellement 
la liaison du vWF au sous-endothelium. 

Un objet de la presente invention concerne done des molecules comportant 
10 une partie adhesive derivee de la structure du vWF capable d'antagoniser au moins 
partiellement la liaison du vWF aux plaquettes et/ou au sous-endotheliurn, et une 
partie de nature proteique permettant sa stabilisation et sa presentation in vivo . 

Plus particulierement, dans les molecules de 1'invention, la partie adhesive 
est constituee par tout ou partie de la sequence peptidique comprise entre les residus 

15 445-733 du vWF ou d'un variant de celle-ci La sequence peptidique du vWF ayant 
ete publiee, la numerotation des residus de la partie adhesive des molecules de 
Tinvention se refere & la numerotation de la sequence du vWF publiee par Titani et 
aL [Biochemistry 25 (1986) 3171-3184], II est entendu que cette fonction peut etre 
redondante au sein des molecules de la presente invention. Une partie de cette 

20 sequence du vWF (residus Thr470 & Val713) est indiqu6e a la Figure 1, dans 
laquelle elle est couplee en C-terminai de la serum-albumine humaine. 

Au sens de la presente invention, le terme variant designe toute molecule 
obtenue par modification de la sequence capable d'antagoniser au moins 
partiellement la liaison du vWF aux plaquettes et/ou au sous-endoth&lium. Par 

25 modification, on doit entendre toute mutation, substitution, deletion, addition ou 
modification obtenue, par exemple, au moyens des techniques du g&iie gen6tique. 
De tels variants peuvent etre generes dans des buts differents, tels que notamment 
celui d'augmenter l'affinit6 de la molecule pour son (ses) sitefe) de fixation, celui 
d'ameliorer ses niveaux de production, celui de reduire sa susceptibility k des 

30 proteases, celui d'augmenter son efficacite therapeutique ou encore de reduire ses 
effets secondaires, ou celui de lui conferer de nouvelles proprietes 
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pharmacocinetiques ou biologiques telles que notamment des fonctions adhesives 
exprimee de fagon intrinsequement non cryptique. 

Des polypeptides de Tinvention particulierement avantageux sont cenx dans 
lesquels la paxtie adhesive presenter 
5 (a) la sequence peptidique comprise entre les residus 445-733 du vWF, ou, 

(b) une partie de la sequence peptidique (a) capable d'antagoniser au moins 
partiellement la liaison du vWF au GPlb et/ou au sous-endothelium, ou, 

(c) une structure derivee des structures (a) ou (b) par modifications 
structurales (mutation, substitution addition et/ou deletion tftin ou plusieurs residus) 

10 et capable d'antagoniser au moins partiellement la liaison du vWF au GPlb et/ou au 
sous-endothelium, ou, 

(d) une sequence peptidique non naturelle, par exemple isolee & partir de 
banques peptidiques et capable d'antagoniser au moins partiellement la liaison du 
vWF au GPlb et/ou au sous-endothelium. 

15 Parrni les structures du type (b), on peut citer plus particulierement celles 

ayant conserve la capacite d'antagoniser Tinteraction entre le vWF et la GPlb 
plaquettaire, telles que par exemple les peptides G10 ou D5 decrits par Mori et aL [J. 
Biol. Chem. 2£2 (1988) 17901-17904], ou les peptides ayant conserve la capacite de 
lier le collagene [Pared F.L et al., J. Biol. Chem. 261 (1986) 15310-15315 ; Roth 

20 GJ. et al. Biochemistry 25 (1986) 8357-8361], et/ou l'hSparine [Fujimura Y. et aL J. 
Biol. Chem. 262 (1987) 1734-1739] et/ou la botrocetine [Sugimoto M. et aL, J. Biol. 
Chem. 2f£ (1991) 18172-18178], et/ou les sulfatides [Christophe O. et aL Blood 28 
(1991) 2310-2317] et/ou la ristocetine etc,., ou toute combinaison entre ces 
diff erentes fonctions adhesives. 

25 Les structures du type (c) comprennent par exemple les molecules dans 

lesquelles certains sites de N- ou O-glycosylation ont ete modifies ou supprimes, 
ainsi que les molecules dans lesquelles tin, plusieurs, voire tous les residus cysteine 
ont ete substitues, ou encore des mutants ponctuels et/ou multiples concernant au 
moins un residu implique dans des pathologies de type IIB associees au vWF comme 

30 les residus Arg543. Arg545, Trp550, Val553 ou Arg578 par exemple. Elles 
comprennent egalement des molecules obtenues a partir de (a) ou fb) par deletion de 
regions n'intervenant pas ou peu dans rinteraction avec les sites de liaison 
consideres, et des molecules comportant par rapport a (a) ou (b) des residus 
supplementaires, tels que par exemple . une methionine N-terminale et/ou une 
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sequence signal de secretion et/ou un adaptateur polypeptidique permettant la 
jonction a la structure stabilisatrice. 

A titre d'exemple on peut citer des polypeptides de Tinvention comportant 
la structure stabilisatrice couplee: 
5 - a un peptide de type PI dont la version minimale correspond au peptide 

G10 compris entre les r&idus Cys474 et Pro488 du vWF, ou, 

- a un peptide de type P2 dont la version minimale correspond au peptide 
D5 compris entre les residus Leu694 et Pro708 du vWF ou, 

- a un peptide de type X ou XD qui correspondent respectivement au 
10 fragment du vWF compris entre les residus Pro488 et Leu694, et ses variants 

obtenus par deletion, ou, 

- a tin peptide de type X* defini comme tout variant moleculaire des 
peptides de type X et XD , ou, 

a toute combinaison de ces peptides, et entre autres : 
15 - les peptides de type P1-P2 ; 

- les peptides de type Pl-X, Pl-XD, Pl-X* ; 

- les peptides de type X-P2, XD-P2, X*-P2 ; 

- les peptides de type P1-X-P2 ; 

- les peptides de type P1-XD-P2 ; 
20 - les peptides de type Pl-X*-P2 ; 

- tout peptide adhesif tel que d6fini plus avant et represente plus d'une f ois 
au sein de la molecule de l'invention. 

La partie adhesive des molecules' de l'invention peut etre couplee, soit 
directement, soit par rintermediaire d'un peptide de jonction a la structure 
25 stabilisatrice proteique. De plus, elle peut constituer Textremite N-terminale comme 
l'extremite Oterminale de la molecule. Preferentiellement, dans les molecules de 
Tinvention, la partie adhesive constitue la partie C-terminale de la chimere. 

Preferentiellement, la structure stabilisatrice des polypeptides de Tinvention 
est un polypeptide possfedant une demie-vie plasmatique elevte. A titre d'exemple, il 
30 peut s'agir d'une proteine telle qu'une albumine, une apolipoprotfeine, une 
immunoglobuline ou encore une transferine, etc... II peut egalement s'agir de 
peptides derives de telles proteines par modifications structurales, ou de peptides 
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synthetises artificiellement ou semi-artificiellement, et possedant une demie-vie 
plasmatique elevee. Par ailleurs, la structure stabilisatrice utilisee est plus 
preferentiellement un polypeptide faiblemenl ou non-immunogenique pour 
l'organisme dans lequel le polypeptide de Finvention est utilise. 

5 Dans un mode de realisation particulierement avantageux de Finvention, la 

structure stabilisatrice est une albumine ou un variant de 1'albumine et par exemple 
la serum-albumine humaine (SAH). II est entendu que les variants de Talbumine 
designent toute proteine a haute demie-vie plasmatique obtenue par modification 
(mutation, deletion et/ou addition) par les techniques du genie genetique d*un gene 

10 codant pour un isomorphe donn§ de la serum-albumine humaine, ainsi que toute 
macromolecule a haute demie-vie plasmatique obtenue par modification in vitro de 
la proteine codee par de tels genes. L'albumine etant ties polymorphe, de nombreux 
variants naturels ont ete identifies et repertories [Weitkamp L.R» et aL, Ann. Hum. 
Genet 22 (1973) 219]. A titre d'exemple, les chimeres entre la fles) dite(s) 

15 fonction(s) adhesivefe) et la SAH mature possedent des proprietes 
pharmacocinetiques et des activites antithrombotiques particulierement utiles en 
therapeutique. 

Un autre objet de 1'invention concerne un precede de preparation des 
molecules chimdres decrites ci-avant Plus precisement, ce precede consiste & f aire 

20 exprimer par un hote cellulaire eucaryote ou procaryote une sequence nuclSotidique 
codant pour le polypeptide desire, puis a recolter le polypeptide produit 

Parmi les hotes eucaryotes utilisables dans le cadre de la presente invention, 
on peut citer les cellules animates, les ieviies, ou les champignons. En particulier, 
s*agissant de levures, on peut citer les levures du genre Saccharomvces. 

25 Kluweromvces. Pichia. Schwanniomyces. ou H9nsgntila> S'agissant de cellules 
animales, on peut citer les cellules COS, CHO, C127, etc... Parmi les champignons 
susceptibles d'etre utilises dans la presente invention, on peut citer plus 
particulierement Aspergillus ssp. ou Trichoderma ssp. Comme hotes procaryotes, on 
pref ere utiliser les bacteries telles que Escherichia coli. ou appartenant aux genres 

30 Corvnebacterium. Bacillus, ou Streptomvces. 

Les sequences nucleotidiques utilisables dans le cadre de la presente 
invention peuvent etre preparees de differentes mani&es. Generalement, elles sont 
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obtenues en assemblant en phase de lecture les sequences codant pour chacune des 
parties fonctionnelles du polypeptide. Celles-ci peuvent etre isolees par les 
techniques de Thomme de Tart, et par exemple directement a partir des ARN 
messsagers (ARNm) cellulaires, ou par reclonage a partir d'une banque d'ADN 

5 complementaire (ADNc) effectuee a partir de cellules productrices, ou encore il peut 
s'agir de sequences nucleotidiques totalement synthetiques. H est entendu de plus que 
les sequences nucleotidiques peuvent egalement etre ulterieurement modifiees, par 
exemple par les techniques du genie genetique, pour obtenir des derives ou des 
variants desdites sequences. 

10 Plus preferentiellement, dans le procede de l'invention, la sequence 

nucleotidique fait partie tfune cassette ^expression comprenant une region 
^initiation de la transcription (region promoteur) permettant, dans les cellules hotes, 
1'expression de la sequence nucleotidique placee sous son controle et codant pour les 
polypeptides de l'invention. Cette region peut provenir de regions promoteurs de 

15 genes fortement exprimes dans la cellule hote utilisee, 1'expression etant constitutive 
ou regulable. S'agissant de levures, il peut s'agir du promoteur du gene de la 
phosphoglycerate kinase (PGK) . de la glyceraldehyde-3-phosphate deshydrogenase 
(GPP) , de la lactase (LAC4 ). des enolases (ENO) . des alcools dehydrogenases 
(ADH) . etc... S'agissant de bacteries, il peut s'agir du promoteur des genes droit ou 

20 gauche du bacteriophage lambda (PL, Pr)» ou encore des promoteurs des genes des 
operons tryptophane (Ptrp) ou lactose (Plac)* En outre, cette rfegion de controle peut 
etre modifiee, par exemple par mutagenese in vitro, par introduction d'elements 
additionnels de controle ou de sequences synthetiques, ou par des deletions ou des 
substitutions des &16ments originels de controle. La cassette d'expression peut 

25 egalement comprendre une region de tefminaison de la transcription fonctionnelle 
dans l'hote envisage, positionnee immediatement en aval de la sequence 
nucleotidique codant pour un polypeptide de Tinvention. 

Dans un mode pr6f6re, les polypeptides de l'invention residtent de 
Texpression dans un hote eucaryote ou procaiyote d'une sequence nucleotidique et de 
30 la secretion du produit depression de ladite sequence dans le milieu de culture. II 
est en effet particulierement avantageux de pouvoir obtenir par voie recombinante 
des molecules directement dans le milieu de culture. Dans ce cas, la sequence 
nucleotidique codant pour un polypeptide de l'invention est precedee d'une sequence 
"leader" (ou sequence signal) dirigeant le polypeptide naissant dans les voies de 
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secretion de I'hote utilise. Cette sequence "leader" peut etre la sequence signal 
naturelle du vWF ou de la structure stabilisatrice dans le cas ou celle-ci est une 
proteine naturellement secretee, mais il peut egalement s'agir de toute autre sequence 
"leader" fonctionnelle, ou d'une sequence "leader" artificielle. Le choix de Tune ou 

5 l'autre de ces sequences est notamment guide par i'hote utilise. Des exemples de 
sequences signal fonctionnelles incluent celles des genes des pheromones sexuelles 
ou des toxines "killer" de levures. 

En plus de la cassette d'expression, un ou plusieurs marqueurs permettant 
de selectionner I'hote recombine peuvent etre additionnes, tels que par exernple le 

10 gene URA3 de la levure S. cerevisiae. ou des genes conferant la resistance a des 
antibiotiques comme la geneticine (G418) ou a tout autre compose toxique comme 
certains ions metalliques. 

L'ensemble constitue par la cassette d'expression et par le marqueur de 
selection peut etre introduit, soit directement dans les cellules hdtes consider§es, soit 

15 insere prealablement dans un vecteur autoreplicatif fonctionnel. Dans le premier cas, 
des sequences homologues a des regions presentes dans le genome des cellules hdtes 
sont preferentiellement additionnees a cet ensemble; lesdites sequences etant alors 
positionnees de chaque cotS de la cassette d'expression et du gene de selection de 
f agon a augmenter la frequence d'integration de l'ensemble dans le genome de I'hote 

20 en ciblant Integration des sequences par recombinaison homologue. Dans le cas ou 
la cassette d'expression est inseree dans un systeme replicatif, un systeme de 
replication pref ere pour les levures du genre Kluweromyces est derive du plasmide 
pKDl initialement isole de K. drosophilarum: un systeme pref ere de replication pour 
les levures du genre Saccharomvces est derive du plasmide 2ji de S. cerevisiae. De 

25 plus, ce plasmide d'expression peut contenir tout ou partie desdits systemes de 
replication, ou peut combiner des elements derives du plasmide pKDl aussi bien que 
du plasmide 2|x 

En outre, les plasmides d'expression peuvent etre des vecteurs navettes 
entre un hote bacterien tel que Escherichia coli et la cellule hote choisie, Dans ce 
30 cas, une origine de replication et un marqueur de selection fonctionnant dans I'hote . 
bacterien sont requises. II est egalement possible de positionner des sites de 
restriction entourant les sequences bacteriennes et uniques sur le vecteur 
d'expression : ceci pemiet de supprimer ces sequences par coupure et religature in 
vitro du vecteur tronque avant transformation des cellules hotes, ce qui peut resulter 



i 
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en une augmentation du nombre de copies et en une stabilite accrue des plasmides 
d'expression dans lesdits hotes. Par exemple, de tels sites de restriction peuvent 
correspondre aux sequences telles que S'-GGCCNNNNNGGCC-S' (SfiD ou 5'- 
GCGGCCGC-3' (N[q1I) dans la raesure ou ces sites sont extremement rares et 
5 generalement absents d'un vecteur ^expression. 

Apres construction de tels vecteurs ou cassette d'expression, ceux-ci sont 
introduits dans les cellules botes retenues selon les techniques classiques decrites 
dans la litterature. A cet egard, toute methode permettant d'introduire tin ADN 
etranger dans une cellule peut etre utiliste. II peut s'agir notamment de 

10 transformation, electroporation, conjugaison, ou toute autre technique connue de 
lliomme de Tart. A titre d'exemple pour les hotes de type levure, les differentes 
souches de Kluweromvces utilis6es ont ete transformees en traitant les cellules 
entieres en presence d'acetate de lithium et de polyethylene glycol, selon la 
technique decrite par Ito et al. [J. Bacteriol. 151 (1983) 163], La technique de 

15 transformation dScrite par Durrens et al. [Curr. Genet IS (1990) 7] utilisant 
l'ethylene glycol et le dimethylsulfoxyde a Sgalement ete utilisee. II est aussi 
possible de transformer les levures par electroporation, selon la methode decrite par 
Karube et al. [FEBS Letters IS2 (1985) 901. Un protocole alternatif est 6galement 
decrit en detail dans les exemples qui suivent 

20 Apres selection des cellules transformees, les cellules exprimant lesdits 

polypeptides sont inoculees et la recuperation desdits polypeptides peut etre f aite, 
soit au cours de la croissance cellulaire pour les precedes "en continu", soit en fin de 
croissance pour les cultures "en lots" ("batdi"). Les polypeptides qui font Tobjet de 
la presente invention sont ensuite purifies a partir du surnageant de culture en vue de 

25 leur caracterisation moleculaire, pharmacocinetique et antithrombotique. 

Un sy steme d'expression prefere des polypeptides de Tinvention consiste en 
l'utilisation des levures du genre Kluweromvces comme cellule hote, transformees 
par certains vecteurs derives du rfeplicon extrachromosomique pTCDl initialement 
isoI6 chez Ki TP9rxiiWuS var. drosophilarum. Ces levures, et en particulier K. lactis et 
30 K. fragilis sont generalement capables de rfepliquer lesdits vecteurs de fa$on stable et 
possedent en outre Tavantage d'etre incluses dans la liste des organismes G.R.A.S. 
("Generally Eecognized As Safe"). Des levures privilegiees sont preferentiellement 
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des souches industrielles du genre Kluyveromyces capables de repliquer de fa?on 
stable lesdits plasmides derives du plasmide pKDl et dans lesquels a ete insere un 
marqueur de selection ainsi qu'une cassette ^expression permettant la secretion a des 
niveaux elevfe des polypeptides de l'invention. 

5 La presente invention concerne egalement les sequences nucleotidiques 

codant pour les polypeptides chimeres decrits ci-avant, ainsi que les cellules 
recombinantes, eucaryotes ou procaryotes, comprenant de telles sequences. 

La presente invention concerne aussi Tapplication d titre de medicament des 
polypeptides selon la presente invention. Plus particulierement, l'invention a pour 
10 objet toute composition pharmaceutique comprenant un ou plusieurs polypeptides tel 
que decrit ci-avant Plus particulierement, ces compositions peuvent etre utilisees 
pour la prevention ou le traitement des thromboses. 

La presente invention sera plus completement decrite a l'aide des exemples 
qui suivent, qui doivent etre consideres comme illustratifs et non limitatifs. 

15 LISTE PES FIGURES 

Les representations des plasmides indiquees dans les Figures suivantes ne sont pas 
tra?ees a 1'echelle et seuls les sites de restriction importants pour la comprehension 
des clonages r£alis£s ont ete indiques. 

Figure 1 : Sequence nucleotidique d'un fragment de restriction Hindi n 
20 codant pour tine proteine chimere du type SAH-vWF. Les flfeches noires indiquent la 
fin des regions "pre" et "pro" de la SAH. Les sites de restriction Mst n et Esff sont 
soulignes. La numerotation des acides amines (colonne de droite) correspond a la 
proteine chim&e SAH-vWF470->713 mature (829 residus) ; le fragment Thr470- 
Val713 du vWF de cette chimere particuliere est numerotfe des residus Thr586 a 
25 Val829. Les residus Thr470, Leu494, Asp498, Pro502 t Tyr508 f Leu694 t Pro704 f et 
Pro708 du vWF mature sont soulignes. 

Figure 2 : Schematisation des chimferes du type SAH-vWF (A), du type 
vWF-SAH (B) ou vWF-SAH-vWF (C). Abreviations utilisees : M/LP, residu 
methionine initiateur de la traduction, eventuellement suivi d'une sequence signal de 
30 secretion ; SAH, serum-albumine humaine mature ou tin de ses variants ; vWF, 
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fragment(s) du vWF possedant une propriete de fixation aux plaquettes et/ou au 
sous -endothelium, ou tin (des) variants obtenus par les techniques du genie 
genetique. La fleche noire indique rextremite N-terminale de la proteine mature. 

Figure 3 ; A, carte de restriction du plasmide pYG105 et stratSgie de 
5 construction des plasmides d'expression des proteines chimeres de la presente 
invention. Abreviations utilisees : P, promoteur transcriptionnel ; T, terminateur 
transcriptionnel ; IR, sequences repet6es inversees du plasmide pKDl ; LPs AH > 

region "prepro" de la SAH; Ap 1 " et Km r designent respectivement les genes de 
resistance a rampicilline (E. coli) et au G418 (levures). 

10 B, caracteristiques et filiation genetiques des principaux 

plasmides d'expression des hybrides entre SAH et vWF exemplifies dans la presente 
invention. Les plasmides de la premiere colonne sont des plasmides de type pUC 
comportant un fragment de restriction Hindm correspondant a des fusions 
traductionnelles entre la totalite de la SAH et un fragment ou un variant moleculaire 

15 du vWF. Les plasmides d'expression correspondent au clonage dans rorientation 
productive de ces fragments HinsJIII dans le site Hindm du plasmide pYG105 
(LAC4) . 

Figure 4 : Caracterisation du materiel s£cret& apres 4 jours de culture 
(erlenmeyers) de la souche CBS 293.91 transformee par les plasmides pYG1248 
20 (plasmide ^expression d ! une chimere du type SAH-P1-X-P2) et pKan707 (plasmide 
controle). Dans cette experience les resultats des panneaux A, B, et C ont ete migres 
sur le meme gel (SDS-PAGE 8,5%) puis traites separemment 

A, coloration au bleu de coomassie; standard de poids moleculaire (piste 2) ; 
surnageant equivalent a 50 |ol de la culture transformee par les plasmides pKan707 

25 en milieu YPL (piste 1), ou pYG1248 en milieu YPD (piste 3) ou YPL (piste 4). 

B, caracterisation immunologique du materiel secrete apr6s utilisation 
rfanticorps de souris diriges contre le vWF humain : meme legende qu'en A a 
Texception que des standards biotinites de poids moleculaire ont &te utilises, 

* C, caracterisation immunologique du materiel secrete aprfes utilisation 

30 d'anticorps de lapin diriges contre 1'albumine humaine: surnageant equivalent a 50 pi 
de la culture transformee par les plasmides pKan707 en milieu YPL (piste 1), ou 
pYG1248 en milieu YPD (piste 2) ou YPL (piste 3). 



V 
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Figure 5 : Cinetique de secretion d'une chimere du type SAH-P2 par la 
souche CBS 293.91 transformee par le plasmide pYG1206. 

A, coloration au bleu de coomassie ; standard de poids moleculaire (piste 1) ; 
surnageant equivalent a 2,5 pi d'une culture "Fed Batch" en milieu YPD apres 24h. 

5 (piste 2), 40h. (piste 3) ou 46h. (piste 4) de croissance. 

B, caracterisation immunologique du materiel secrete apres utilisation 
d f anticorps de souris diriges contre le vWF humain : meme legende qu'en A a 
1'exception que des standards biotiniles de poids moleculaire ont 6te utilises. 

Figure 6 : Caracterisation du materiel secrete par K. lactis transforme 
10 par les plasmides pKan707 (plasmide controle, piste 2), pYG1206 (plasmide 
^expression d'une chimere du type SAH-P2, piste 3), pYG1214 (plasmide 
^expression d'une chimere du type SAH-P1, piste 4) et pYG1223 (plasmide 
d'expression d'une chimere du type SAH-P1-XD-P2, piste 5) ; standard de poids 
moleculaire (piste 1). Les depots correspondent a 50 ^il de surnageant d'une culture 
15 stationnaire aprfe croissance en milieu YPD, migration dans un gel a 8.5 % 
d'acrylamide et coloration au bleu de coomassie. 

Figure 7 : Caracterisation du materiel secrete apres 4 jours de culture 
(erlenmeyers) de la souche CBS 293.91 transformee par les plasmides pYG1311 
(SAH-vWF508->704) et pYG1313 (SAH-vWF470->704, C471G, C474G), aprts 
20 migration sur gel SDS-PAGE a 8,5 %. 

A, coloration au bleu de coomassie; surnageant equivalent a 100 |-d de la 
culture transformee par les plasmides pYG1311 (piste 1) ou pYG1313 (piste 2) en 
milieu YPL ; standard de poids moleculaire (piste 3). 

B, caracterisation immunologique du materiel secrete apres utilisation 
25 d'anticorps de souris diriges contre le vWF humain : meme legende qu'en A. 

C, caracterisation immunologique du materiel secrete apres utilisation 
d'anticorps de lapin diriges contre la S AH : meme legende qu'en A. 

Figure 8 : Caracterisation du materiel secrete apres 4 jours de culture 
(erlenmeyers) de la souche CBS 293.91 transformee par les plasmides pYG1361 
30 (SAH-vWF470->704, C471G, C474G, R543W) et pYG1365 (SAH-vWF470->704, 
C471G, C474G, P574L), aprte migration sur gel SDS-PAGE a 8,5 %. Dans cette 
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experience les resultats des panneaux A, B, et C ont ete migres sur le meme gel puis 
traites separemment 

A, coloration au bleu de coomassie; surnageant equivalent a 100 ^1 de la 
culture transformee par les plasmides pYG1361 (piste 1) ou pYG1365 (piste 2) en 

5 milieu YPL; standard de poids moleculaire (piste 3). 

B, caracterisation immunologique du materiel secrete apres utilisation 
d'anticorps de souris diriges centre le vWF humain : meme legende qu'en A, 

C, caracterisation immunologique du materiel secrete apres utilisation 
d'anticorps de lapin diriges contre la SAH : meme legende qu'en A. 

10 Figure 9 : Dosage de Tactivite antagonisteiiLXittQde l'agglutination des 

plaquettes humaines f ixees au paraformaldehyde : CI50 des hybrides SAH-vWF694- 
708, [SAH-vWF470-713 C471G, C474G] et [SAH-vWF470-704 C471G, C474G] 
relativement a l'etalon RG12986. La determination de 1'inhibition dose-dependante 
de l'agglutination plaquettaire est realisee sous agitation a 37°C, en utilisant un 

15 agregam&re PAP-4, en presence de vWF humain, de botrocetine (8,2 mg/ml) et du 
produit a tester a differentes dilutions. La concentration du produit permettant 
d'inhiber de moitie l'agglutination controle (absence de produit) est alors determinee 
(CI50). 

EXAMPLES 

20 TECHNIQUES GENERALES DE CLON AGE 

Les methodes classiquement utilisees en biologie moleculaire telles que les 
extractions preparatives d'ADN plasmidique, la centrifugation d'ADN plasmidique 
en gradient de chlorure de cesium, 1'electrophorese sur gels d'agarose ou 
d'acrylamide, la purification de fragments d'ADN par electrocution, les extraction 

25 de proteines au phenol ou au phenol-chloroforme, la precipitation d'ADN en milieu 
salin par de l'ethanol ou de l'isopropanol, la transformation dans Escherichia coli 
etc... sont bien connues de l'homme de metier et sont abondament decrites dans la 
litterature [Maniatis T. et al., "Molecular Cloning, a Laboratory Manual", Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 1982 ; Ausubel F.M. et al. 

30 (eds), "Current Protocols in Molecular Biology", John Wiley & Sons, New York, 
1987]. 
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Les enzymes de restriction ont ete fournies par New England Biolabs 
(Biolabs), Bethesda Research Laboratories (BRL) ou Amersham et sont utilisees 
selon les recommandations des f oumisseurs. 

Les plasmides de type pBR322 t pUC et les phages de la serie M13 sont 
5 dorigine commerciale (Bethesda Research Laboratories), 

Pour les ligatures, les fragments d'ADN sont separes selon leur taille par 
electrophorese en gels d* agarose ou dacrylamide, extraits au phenol ou par un 
melange phenol/chloroforme, precipites a Tethanol puis incubes en presence de 
T ADN ligase du phage T4 (Biolabs) selon les recommandations du f ournisseur. 
10 Le remplissage des extremites 5' proeminentes est effectue par le fragment de 

Klenow de l'ADN Polymerase I d T. coli (Biolabs) selon les specifications du 
fournisseur. La destruction des extremites 3' proeminentes est effectuee en presence 
de l'ADN Polymerase du phage T4 (Biolabs) utilisee selon les recommandations du 
fabricant La destruction des extremites 5' proeminentes est effectuee par un 
15 traitement m6nag& par la nuclease SI. 

La mutagenese dirigee in vitro par oligodeoxynucleotides synthetiques est 
effectuee selon la methode developpee par Taylor et aL [Nucleic Acids Res. 12 
(1985) 8749-8764] en utilisant le kit distribue par Amersham. 

^amplification enzymatique de fragments d'ADN par la technique dite de 
20 PCR [Eolymerase-catalyzed Chain Reaction, Saiki R.K. et aL, Science 22Q (1985) 
1350-1354 ; Mullis K.B. et Faloona F.A., Meth. Enzym. 155. (1987) 335-350] est 
effectuee en utilisant un "DNA thermal cycler" (Perkin Elmer Cetus) selon les 
specifications du fabricant 

La verification des sequences nucleotidiques est effectuee par la methode 
25 developp§e par Sanger et aL [Proc. Natl. Acad. ScL USA, 2A (1977) 5463-5467] en 
utilisant le kit distribue par Amersham. 

La numerotation des acides amines du vWF est celle de Utani et aL 
[Biochemistry 25 (1986) 3171-3184]. 

Les transformations de K. lactis avec l'ADN des plasmides ^expression des 
30 proteines de la presente invention sont effectuees par toute technique connue de 
lTiomme de Tart, et dont un exemple est donn6 dans le texte. 

Sauf indication contraire, les souches bacteriennes utilisees sont E. coli 
MC1060 OasIPOZYA, X74, galU, galK, sfcA 1 ), ou E. coli TGI Qac j2mA,B, sipE, 

M, hsdP5 / FteD36, pcqA + b + , lacrt, lacZ, M15). 
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Les souches de levures utilisees appartiennent aux levures bourgeonnantes et 
plus particulierement aux levures du genre Kluweromyces . Les souche K. lactis 
MW98-8C (a, iimA, 1X5. K+ pKDl°) et K. lactis CBS 293.91 ont ete 
particulierement utilisees; un echantillon de la souche MW98-8C a ete depose le 16 
5 Septembre 1988 au Centraalbureau voor Schimmelkulturen (CBS) k Baarn (Pays 
Bas) ou il a ete enregistre sous le numero CBS 579.88. 

Une souche bacterienne (E. coli) transformee avec le plasmide pET-8c52K a 
ete deposee le 17 Avril 1990 auprts de V American Type Culture Collection sous le 
numero ATCC 68306. 

10 Les souches de levures transformees par les plasmides d'expression codant 

pour les proteines de la presente invention sont cultivees en erlenmeyers ou en 
fermenteurs pilotes de 21 (SETRIC, France) a 28°C en milieu riche (YPD: 1 % yeast 
extract, 2 % Bactopeptone. 2 % glucose ; ou YPL : 1 % yeast extract, 2 % 
Bactopeptone, 2 % lactose) sous agitation constants 

15 EXEMPLE 1: CONSTRUCTION DU PLASMIDE pET-8c52K ET DE 
SES VARIANTS MOLECULAIRES 

Le fragment du cDNA du vWF codant pour les residus 445 a 733 du vWF 
humain possede plusieurs determinants cruciaux de Interaction entre le vWF et les 
plaquettes d'une part, et certains Elements de la membrane basale et du tissu sous- 

20 endothelial tfautre part ^amplification de ces determinants genetiques peut etre 
realisee, par exemple k partir tfune lign6e cellulaire humaine exprimant le vWF, et 
par exemple d'une lignee de cellules endotheliales de veines de cordon ombilical 
humain [Verweij C.L. et al. B Nucleic Acids Res. 12 (1985) 4699-4717], ou encore h 
partir d'ARN de plaquettes humaines, par exemple selon le protocole decrit par Ware 

25 et al. [Proc. Natl. Acad Sci. fifi (1991) 2946-2950]. Les ARN cellulaires sont 
purifies en utilisant la technique d'extraction au thiocyanate de guanidium 
initialement decrite par Cathala et al. [DNA 4 (1983) 329-335] et utilises comme 
matrice a la synthese d'ADN complementaires (ADNc) incluant la partie du vWF a 
amplifier. Dans un premier temps, la synthese du brin non codant se fait en utilisant 

30 le kit distribue par Amersham et un oligodeoxynucleotide complementaire de la 
sequence nucleotidique de TARNm codant pour des residus contigus localises en C- 
terminal de la partie a amplifier. La solution resultante est ensuite soumise a 30 
cycles d'amplification enzymatique par la technique PCR, en utilisant comme 
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amorce Toligodeoxynucleotide precedent et un oligodeoxynucleotide identique a la 
sequence nucleotidique codant pour des residus contigus localises en N-terminal de 
la partie du vWF a amplifier. Les fragments amplifies sont ensuite clones dans des 
vecteurs du type M13 en vue de leur verification par sequengage en utilisant soit les 

5 amorces universelles situees de part et d'autre du multisite de clonage, soit des 
oligodeoxynucleotides specifiques de la region amplifiee du gene du vWF dont la 
sequence de plusieurs isomorphes est connue [Sadler J.E. et aL, Proc. Natl. Acad. 
Sci. fi2 (1985) 6394-6398 ; Verweij CL. et aL, EMBO J. 5 (1986) 1839-1847 ; 
Shelton-Ihloes B.B. et aL, Biochemistry 2£ (1986) 3164-3171 ; Bonthron D. et aL, 

10 Nucleic Acids Res. 17 (1986) 7125-7127]. Le plasmide pET-8c52K est 
particulierement utile car il comporte un fragment du cDNA du vWF codant pour les 
residus 445 a 733 du vWF humain et inclus notamment les peptides G10 et D5 
antagonizes de Interaction entre vWF et GPlb [Mori H. et aL, J. BioL Chem. 263 
(1988) 17901-17904], Le fragment du vWF present dans le plasmide p5E est 

15 identique au fragment du vWF du plasmide pET-8c52K k l'exception que les residus 
cysteine aux positions 459, 462, 464, 471 et 474 ont ete mutes en residus glycine par 
mutagenese dirigee. Le plasmide p7E est identique au plasmide p5E a Texception 
que les residus cysteine aux positions 509 et 695 ont egalement ete mutes en residus 
glycine par mutagenese dirigee. 

20 EXEMPLE 2: CONSTRUCTION D UN FRAGMENT DE RESTRICTION 
MSTII- HIND III INCLUANT UN SITE DE LIAISON DU vWF AUX 
PLAQUETTES SANGUINES 

E.2.1. Peptide du type P1-X-P2. 

E.2.1.1. Residus Thr470-Val713 du vWF. 

25 ^amplification PGR du plasmide pET-8c52K avec les oligodeoxynucleotides 

S'-CCC GGGATCCCTTAGGC TTAACCTGTGAAGCCTGC^ 1 (Sql969, les sites 
BamHI et Mstll sont soulignes) et S'-CCC GGGATCCAAGC- 
HAGACTrGTGCCATGTCG-3 1 (Sq2029 ( les sites BamHI et Hindm sont 
soulignes), genere un fragment incluant les residus Thr470 & Val713 du vWF (cf. 

30 Figure 1, residus Thr586 a Val829). Les fragments amplifies sont d'abord coupes par 
BamHI . clones dans le site BamHI dun vecteur de type pUC et la sequence d'un 
clone est verifiee par sequenfage. La sequence peptidique ainsi amplififee comporte 
un fragment de restriction Mstn »Hindm incluant les residus Thr470 k Val713 du 
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vWF et dont la sequence peptidique est identique a la sequence correspondante 
decrite par Titani et al. [Biochemistry 25 (1986) 3171-3184]. Le plasmide pYG1220 
comporte ce fragment de restriction Mstll- Hind lll precede du fragment Hindffl- 
Mstn du plasmide pYG404 (cf. Exemple 4 et Figure 3B). 
5 E.2.1.2. Residus Thr470-Prp704 du vWF. 

Le residue 705 du vWF naturel est O-glycosyle et se situe & Tinterieur du 
peptide D5 defini par les residus Leu694 a Pro708 du vWF [Mori H. et al., J. Biol. 
Chem. 262 (1988) 17901-17904]. De plus il est connu qu'un traitement du vWF 
naturel par une neuraminidase, dont la fonction est de liberer les acides sialiques 

10 terminaux des glycosylations des cellules de mammifdres, permet d'exposer les sites 
de liaisons du vWF a la GPIb plaquettaire en Tabsence de cofacteurs de 
I'agglutination plaquettaire tel que la botrocetine par exemple. II est done possible 
que la suppression de tout ou partie des sites de O-glycosylation du vWF 
recombinant, et notamment secrete par une levure dont il est admis que la O- 

15 glycosylation est depourvue d'acides sialiques, genere un produit intrinsequement 
capable de reconnaitre la GPIb plaquettaire en Tabscence de tels cofacteurs. Un 
fragment Mstn-Eindlll incluant les rfeidus Thr470 & Pro704 du vWF est done 
genere de fagon similaire a Texemple precedent: les fragments resultant de 
ramplification PCR du plasmide p5E avec les oligodfeoxynucleotides 5'-CCCG£L 

20 GATCCCTTAGGCTITA ACnGGTft A AGrr.ffnr-T (Sq2149, les sites BamHI et 
Mstn sont soulignes) et S'-CCATGGATCCAAGCTTAAGGAGr.Ar^r.nrTTr a, 
GGGGCAAGGTC-3' (Sq2622, les sites BamHI et Hindm sont soulignes) sont 
dabord clones dans un vecteur de type pUC sous la forme d*un fragment de 
restriction BamHI. et la sequence d'un clone est verifiee par sequengage. La 

25 sequence du fragment MsHI-Hindin ainsi genere corresponds a la sequence 
correspondante donnee a la Figure 1 a Texception que le codon TAA specifiant r arret 
traductionnel est localise immediatement en aval du residu Pro704 du vWF et que les 
residus 471 et 474 sont des residus glycine et non des residus cysteine, Le plasmide 
pYG1310 comporte ce fragment de restriction Mstll-Hindlll precede du fragment 

30 Hindm-Mstn du plasmide pYG404 (cf. Exemple 4 et Figure 3B). 

E.2.1.3. Residus Leu494-Pro704 du vWF. 
La sequence peptidique presente dans le plasmide pYG1310 possede encore 
les residus threonine ou serine aux positions 485, 492, 493 et 500 qui sont 
naturellement O-glycosyles dans la molecule native du vWF humain, localises a 
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proximite immediate du peptide G10 defini par Mori et al. [J. Biol. Chem. 262 
(1988) 17901-17904]. ^amplification par la technique PCR du plasmide pET8C- 
52K par les oUgodeoxynucleotides fT-CCCGGGTACCTTAGG- 
CTTACTGTATGTGGAGGACATC-3' (Sq3037, les sites Kpnl et MstH sont 

5 soulignes) et y-r-rA TGGATCCAAGCTTA AGGAGGAGGGGCITCAGGGGC- 
AAGGTC-3' (Sq2622, les sites BamHI et Hindm sont soulignes) genere un 
fragment incluant les residus Leu494 a Pro704 du vWF. Les fragments amplifies 
sont d'abord coupes par les enzymes Kpnl et BamHI pour etre clones dans un 
vecteur de type pUC coupe par les memes enzymes. Un clone particulier est isole 

10 qui corresponds a la sequence attendue verifiee par sequengage. Ce fragment Kpnl- 
BamHI comporte done un fragment Mstll-Hindlll incluant les residus Leu494 a 
Pro704 du vWF humain, Le plasmide pYG1373 comporte ce fragment de restriction 
Mstll -Hmdin precede du fragment HindlH-Mstn du plasmide pYG404 (cf. 
Exemple 4 et Figure 3B). 

15 E.2.1.4. Residus Tyr508-Pro704 du vWF. 

La sequence peptidique presente apres amplification PCR dans le plasmide 
pYG1373 possede encore le residu thrfeonine a la position 500 qui est naturellement 
O-glycosyle dans la molecule native du vWF humain. Uamplification par la 
technique PCR du plasmide pET8C-52K par les oligodeoxynucltotides 5-CCCGiL 

20 GTACCTTAGGCTTATACTGCAGCAGGCTACTGGACCTG-3 1 (Sq2621 f les sites 
Kpnl et MstD sont souUgnes) et 5*-CCATQQ&I£z 
CAAGCTTA AGGAGGAGGGGCTTCAGGGGCAAGGTC-3 1 (Sq2622, les sites 
BamHI et Hindi n sont soulignes) genere un fragment incluant les residus Tyr508 a 
Pro704 du vWF. Les fragments amplifies sont d'abord coupes par les enzymes Kpnl 

25 et BamHI pour etre clones dans un vecteur de type pUC coup6 par les memes 
enzymes. Un clone particulier est isole qui corresponds a la sequence attendue 
verifiee par sequengage. Ce fragment KpnI-BamHI comporte done un fragment 
Mstn-Hind m incluant les residus Tyr508 a Pro704 du vWF humain. Le plasmide 
pYG1309 comporte ce fragment de restriction Ms^HinSni precede du fragment 

30 Hindm -MstH du plasmide pYG404 (cf . Exemple 4 et Figure 3B). 

E.2.1.5. Residus Pro502-Pro704 du vWF. 
La sequence peptidique correspondant aux residus Pro502 a Pro704 du vWF 
humain est generee a partir du plasmide precedent par insertion des 
oUgodeoxynucleotides S'-TTAGGGTrACCACCmGCATGACrTCTACTGCA-J 
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(Sq2751) et S'-GTAGAAGTCATGCAAAGGTGGTAACCCO 1 (Sq2752) qui en 
s'appariant peuvent etre clones entre les sites MstH et Pst I du plasmide obtenu apres 
amplification PCR selon l'exemple E.2.I.4., ce qui permet de generer un fragment de 
restriction Mstll- Hind lll incluant les residus Pro502 a Pro704 du vWF humain. Le 
5 plasmide pYG1350 comporte ce fragment de restriction Mstl l- Hindl ll precede du 
fragment Hindffl -Mstll du plasmide pYG404 (cf, Exemple 4 et Figure 3B). 

E.2.2. Residus Thr470-Asp498 du vWF: peptide du type PI. 
Dans un mode de realisation particulier, le site de liaison du vWF est tin 
peptide incluant les residus Thr470 a Asp498 du vWF mature. Cette sequence inclus 

10 le peptide G10 (Cys474-Pro488) dtoit par Mori et al. [J. Biol. Chem. 262 (1988) 
17901-17904] et capable d'antagoniser Interaction du vWF humain a la GPlb des 
plaquettes humaines. La sequence incluant le peptide G10 est d'abord generee sous 
la forme d'un fragment de restriction Mst ll- Hindl ll. par exemple au moyen de la 
technique d'amplification PCR, ou encore directement a l'aide 

15 d'oligodeoxynucleotides synthetiques. Par exemple, les produits de Tamplification 
PCR du plasmide pET-8c52K avec les oligodeoxynucleotides Sql969 et S'-CCCG- 
GGATCCAAOCTTA GTCCTCCACATACAG-S' (Sql970, les sites BamH I et 
Hindlll sont soulignes) sont d'abord coupes par l'enzyme BamHI puis clones dans le 
site BamHI d'un vecteur de type pUC. Un clone particulier est isole qui corresponds 

20 a la sequence attendue veriftee par sequengage. Ce fragment BamHI comporte done 
un fragment Mstll- Hind lll incluant les residus Thr470 k Asp498 du vWF humain. 
Le plasmide pYG1210 comporte ce fragment de restriction Mstll -Hind lll precede 
du fragment Hind m^Mstll du plasmide pYG404 (cf . Exemple 4 et Figure 3B). 

E.2.3. Residus Leu694-Pro708 du vWF: peptide du type P2. 

25 Dans un second mode de realisation, le site de liaison du vWF a la GPlb est 

directement congu a Taide d'oligod6oxynucleotides synthStiques, et par exemple les 
oligodeoxynucleotides S'-TTAGGCCTCTGTGACCTTGCCCCTG- 
AAGCCCCTCCTCCTACTCTGCCCCCCrAAGCTTA-3' et S'-GATC- 
TAAGCTTAGGGGGGCAGAGTAGGAGGAGGGGCTTCAGGGGCAAGGTC- 

30 ACAGAGGCC-3 1 . Ces oligodeoxynucleotides forment en s'appariant un fragment de 
restriction Mstll-Bglll incluant le fragment Mstll- Hind lll correspondant au peptide 
D5 defini par les residus Leu694 a Pro708 du vWF [Mori H. et al, t J. BioL Chem. 
262 (1988) 17901-17904]. Le plasmide pYG1204 comporte ce fragment de 
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restriction Mstll -Hind in precede du fragment Hind lU-Mstll du plasmide pYG404 
(cf. Exemple 4 et Figure 3B), 

E.2.4. Peptide du type P1-XD-P2. 

Des variants utiles du plasmide pET-8c52K sont deletes par mutagendse 
5 dirigee entre les peptides G10 et D5, par exemple des sites de fixation au collagene, 
et/ou k Theparine, et/ou a la botrocetine, et/ou aux sulfatides et/ou a la ristocetine. 
Un exemple est le plasmide pMMB9 delete par mutagenese dirigee entre les residus 
Cys509 et He662. ^amplification PCR de ce plasmide avec les 
oligodeoxynucleotides Sql969 et Sq2029 genere un fragment de restriction Mstl l- 
10 Hindm incluant les residus Thr470 a Tyr508 et Arg663 a Val713 et en particulier 
les peptides G10 et D5 du vWF et delete en particulier de son site de fixation au 
collagene localise entre les residus Glu542 et Met622 [Roth GJ. et aL Biochemistry 
25 (1986) 8357-8361]. Le plasmide pYG1217 comporte ce fragment de restriction 
Mstn-Hmdin prec&Ie du fragment Hindm -Mstn du plasmide pYG404 (cf. 
15 Exemple 4 et Figure 3B). Dans d'autres modes de realisation, Tutilisation des 
techniques combinees de mutagenese dirigee et ^amplification PCR permet de 
generer a volenti des variants du fragment de restriction MstH-Hjjn^ni de la Figure 
1 mais delates d'un ou plusieurs sites de fixation aux sulfatides et/ou & la botrocetine 
et/ou a ITieparine et/ou au collagene. 

20 E.2.5. Peptide du type Pl-X*-P2. 

K2.5.1. Alteration conformationnelle par substitution des 
residus cysteine. 

Les produits de Tamplification PCR des plasmides p5E et p7E avec les 
oligodeoxynucleotides Sq2149 (S'-CCC GGGATCCCTTAGGC TTAACCGflTG- 

25 AAGCCGGC-y, les sites BamH I et MstH sont soulignes) et Sq2029 sont d'abord 
clones dans un vecteur de type pUC sous la forme d'un fragment de restriction 
BamHI, et la sequence d'un clone est verifiee par sequengage. La sequence du 
fragment Ms£H-HffidIII ainsi genere corresponds & la sequence correspondante 
donnee a la Figure 1 a Texception que les residus 471 et 474 du vWF sont des 

30 residus glycine et non des residus cysteine. Le plasmide pYG1271 comporte ce 
fragment de restriction Mstll -Hind in precede du fragment Hindm -Mstn du 
plasmide pYG404 (cf. Exemple 4 et Figure 3B). Le plasmide pYG1269 est genere 
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de fa?on similaire a Texception que le plasmide p7E est utilise comme matrice lors 
de l'amplification PCR par les oligodeoxynucleotides Sq2149 et Sq2029. 

E.2.5.2. Alteration conformationnelle par introduction de 

mutations du type IIB 

5 D'autres mutations particulierement utiles concernent au moins un residu 

implique dans des pathologies de type IIB associees au vWF (augmentation de 
l'affinite intrinseque du vWF pour la GPlbh cornme les residus Arg543, Arg545, 
Trp550, Val551, Val553, Pro574 ou Arg578 par exemple. Les techniques de 
recombinaison genetique in vitro permettent egalement d'introduire & volont6 un ou 

10 des residus supplementaires dans la sequence du vWF et par exemple une 
methionine surnumeraire entre les positions Asp539 et Glu542. Dans une 
exemplification particuliere, les mutations Arg543->Trp543 (R543W) et Pro574- 
>Leu574 (P574L) sont introduites par mutagenese dirigee a 1'aide des 
oligodeoxynucleotides S'-GTGCTGAAGGCCTTTGTGGTCGACATGATGGA- 

15 GIQfiCTGCGGATATCCCAGAAGTGGGTAGCGGTGGCCGTGGTGGA. 

GTACC-3* (Sq2851; le codon sp6cifiant le residu Arg543 est souligne) et 5- 

GGGCTCAAGGACCGGAAGCGQI1MGCGAGCTGCGGCGCATTGCC- 
AGCCAG-3' (Sq2855; le codon specifiant le residu Leu574 est souligne), 
respectivement Apres verification de la s6quence nucl^otidique, on genere ainsi des 

20 fragments de restriction MstII> Hind III incluant les mutants de type IIB du vWF 
humain R543W et P574L. Les plasmides pYG1359 (R543W) et pYG1360 (P574L) 
component ces fragments de restriction Mstn -Hindm precedes du fragment 
HindlH^Mstll du plasmide pYG404 (cf, Exemple 4 et Figure 3B). La mutagenese a 
Taide de ToligodSoxynucleotide Sq2851 intrpduit 6galement les sites Sail, EcoR V et 

25 Mini aux positions Val538 t Ile546 et Val551, respectivement Ces sites de 
restriction ne sont pas presents dans la sequence correspondante naturelle du vWF 
humain et sont done particulierement utiles pour introduire facilement toute 
mutation desirable entre les residus Val538 et Val55L A titre rfexemple, les 
oligodeoxynucleotides 5 , -ATCCCAGAAG!G£GTA-3 , (Sq3017, le codon specifiant 

30 le mutant de type IIB Cys550 est souligne) et 5-CGCGTACGCACTTCTGGGAT-3 1 
(Sq3018) forment en s^ppariant un fragment de restriction EcoRV -MM qui peut 
etre clone dans le plasmide pYG1359 coupe par les enzymes EcoR V et MluL ce qui 
genere le plasmide pYG1374 comportant les mutations R543W et W550C (Figure 
3B). De la meme fagon, les oligodeoxynucleotides 5- 
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TCGACATGATGGAG£GQCTGCGGAT-3* (Sq3019, le codon specifiant le residu 
Arg543 provenant de la sequence naturelle est souligne) et 5- 
ATCCGC^GCCGCTCCATCATG-3' (Sq3020) forment en s'appariant un fragment 
de restriction Sall- EcoRV qui peut etre clone dans le plasmide pYG1374 coupe par 
5 les enzymes Sail et EcoRV . ce qui genere le plasmide pYG1386 qui ne comporte 
que la mutation W550C (Figure 3B). 

EXEMPLE 3: CONSTRUCTION DUN FRAGMENT DE RESTRICTION 
M£EII/H!NDni INCLUANT UN SITE DE LIAISON DU vWF AU SOUS- 
ENDOTHELIUM 

10 Dans un mode de realisation particulier, les sites de liaison du vWF aux 

composants du tissu sous-endothelial et du collagene en particulier, sont generes par 
amplication PCR du plasmide pET-8c52K. Par exemple l'utilisation des 
oligodeoxynuclfetides Sq2258 (S^GGA TCCTTAGG GCTG- 

TGCAGCAGGCTACrGGACCTGGTC-3\ le site Mstn est souligne) et Sq2259 (5 f - 

15 GAATTCAA2£!IIEAACAGAGGTAGCTAACGATCTCGTCCC-3\ le site Hindm 
est souligne) permet de generer le plasmide pYG1254 dont le fragment de restriction 
Mstn-Hingni inclus les residus Cys509 a Cys695 du vWF naturel (peptide de* type 
X). La ligature de ce fragment de restriction avec le fragment de restriction Hindm - 
Mstn du plasmide pYG404 (cf. Exemple 4) gen&e le fragment de restriction 

20 Hindm du plasmide pYG1276 (Figure 3B). 

Des variants moleculaires des types XD (cf. E.2.4.) ou X* (cf. E.2.5.) 
peuvent egalement etre generes selon la meme stratfegie et qui comportent toute 
combinaison souhaitable entre les sites de .fixation du vWF aux sulfatides et/ou a la 
botrocetine et/ou k llifeparine et/ou au collagene et/ou tout residu responsable d'une 

25 modification de Taffinitg du vWF pour la GPlb (pathologies de type II associde au 
vWF). Dans un autre mode de realisation, le domaine capable de se fixer au 
collagene peut egalement provenir du fragment du vWF compris entre les residus 
911 et 1114 et decrit par Pareti et aL [J. Biol. Chem. (1987) £fi2; 13835-13841]. 

EXEMPLE 4: COUPLAGE EN C-TERMINAL DE LA SAH 

30 Le plasmide pYG404 est decrit dans la demande de brevet EP 361 991. Ce 

plasmide comporte un fragment de restriction Hindm codant pour le g6ne de la 
prepro-SAH precede des 21 nucleotides naturellement presents immediatement en 
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amont de TATG initiateur de traduction du gene PGK de S. cerevisiae . Ce fragment 
comporte un fragment de restriction Hind lll-Mstll conrespondant a la totalite du 
gene codant pour la SAH a Texception des trois acides amines les plus C-terminaux 
(residus leucine-glycine-leucine). La ligature de ce fragment avec Tun quelconque 
5 des fragments Mst ll- Hind UI decrits dans les exemples 2 ou 3 permet de generer des 
fragments de restriction HindEII incluant des genes composites codant pour des 
proteines chimeres dans lesquelles un fragment du vWF doue de proprietes 
particulieres est positionne en phase traductionnelle de lecture en C-terminal de la 
molecule de SAH. De tels gSnes composites sont exemplifies dans le Tableau de la 
10 Figure 3B. 

EXEMPLES: COUPLAGE EN N-TERMINAL DE LA SAH 

Dans un mode realisation particulier, les techniques combinees de 
mutagenese dirigfee et d'amplification PGR permettent de construire des genes 
hybrides codant pour une proteine chimere resultant du couplage traductionnel entre 

15 un peptide signal (et par exemple la rfegion prepro de la SAH), une sequence incluant 
un fragment du vWF doue de proprietes d'adhesivite et la forme mature de la SAH 
ou un de ses variants moleculaires. Ces genes hybrides sont preferentiellement 
bordes en 5 1 de l'ATG initiateur de traduction et en 3 1 du codon de fin de traduction 
par des sites de restriction Hindm ce qtii permet de gen6rer des plasmides 

20 d'expression de ces proteines chimeres, par exemple selon la strategic detaillee dans 
l'exemple suivant 

EXEMPLE 6: PLASMIDES D'EXPRESSION 

Les proteines chimeres des exemples precedents peuvent etre exprimees dans 
les levures a partir de promoteurs fonctionnels, regulables ou constitutifs, tels que, 

25 par exemple, ceux presents dans les plasmides pYG105 (promoteur LAC4 de 
Klyyv^rQmyC^ iastis), pYG106 (promoteur PGK de Saccharomvees cerevisiae) : 
pYG536 (promoteur PHQ5 de S. cerevisiae). ou des promoteur hybrides tels que 
ceux decrits dans la demande de brevet EP 361 991. Les plasmides pYG105 et 
pYG106 sont ici particulierement utiles car ils permettent Texpression des genes 

30 codes par les fragments de restriction HindlH des exemples E.4. et E.5. a partir de 
promoteurs fonctionnels chez K. lactis. regulables (pYG105) ou constitutifs 
(pYG106). Le plasmide pYG105 corresponds au plasmide pKan707 d6crit dans la 
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demande de brevet EP 361 991 dans lequel le site de restriction Hindm unique et 
localise dans le gene de resistance a la geneticine (G418) a ete detruit par 
mutagenese dirigee tout en conservant une proteine inchangee (oligodeoxynucleotide 
S'-GAAATGCATAAGCTCTrGCCATTCTCACCG-S 1 ) . Le fragment Sall-SacI 
5 codant pour le gene URA3 du plasmide mute a ete ensuite remplace par un fragment 
de restriction Sall-SacI comportant une cassette d'expression constitute du 
promoteur LAC4 de K. lactis (sous la forme d'un fragment Sall -Hind lll) et du 
terminateur du gene PGK de S. cerevisiae (sous la forme d'un fragment Hindm - 
3a£l). Le plasmide pYG105 est mitotiquement tres stable chez les levures 

10 Kluweromyces et une carte de restriction en est donnee a la Figure 3. Les plasmides 
pYG105 et pYG106 ne different entre eux que par la nature du promoteur de 
transcription encode par le fragment SaH -Hind m A titre d'exemple, le clonage, 
"dans l'orientation productive" (d6finie comme 1'orientation qui place la region 
"prepro" de l'albumine de fagon proximale par rapport au promoteur de 

15 transcription), des fragments de restriction Hindm des plasmides pYG1220, 
pYG1310, pYG1373, pYG1309, pYG1350, pYG1210, pYG1204, pYG1217, 
pYG1269. pYG1271, pYG1359, pYG1360, pYG1374, pYG1386 et pYG1276, dans 
le site Hindm du plasmide pYG105 genere respectivement les plasmides 
^expression pYG1248, pYG1313. pYG1375, pYG1311, pYG1355» pYG1214, 

20 pYG1206, pYG1223, pYG1279, pYG1283 f pYG1361, pYG1365, pYG1377, 
pYG1389etpYG1277. 

EXEMPLE 7: TRANSFORMATION DES LEVURES 

La transformation des levures appartenant au genre Kluweromvces. et en 
particulier les souches MW98-8C et CBS 293.91 de K. lactis. s'effectue par exemple 
25 par la technique de traitement des cellules entieres par de Tacetate de lithium [Ito H. 
et aL, J. BacterioL 151 (1983) 163-168], adaptee comme suit La croissance des 
cellules se fait a 28°C dans 50 ml de milieu YPD, avec agitation et jusqu'a une 
densite optique a 600 nm (DOgoo) comprise entre 0,6 et 0,8 ; les cellules sont 

recoltees par centrifugation a f aible vitesse, lavfes dans une solution sterile de TE 
30 (10 mM Tris HC1 pH 7,4; 1 mM EDTA), resuspendues dans 3-4 ml d'acetate Uthium 
(0,1 M dans du TE) pour obtenir une densite cellulaire d'environ 2 x 10** 
cellules/ml, puis incubees & 30°C pendant 1 heure sous agitation moderee. Des 
aliquotes de 0,1 ml de la suspension resultante de cellules competentes sont incubfes 
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a 30°C pendant 1 heure en presence d' ADN et a une concentration finale de 35 % de 
polyethylene glycol (PEG4000. Sigma). Apres un choc therniique de 5 minutes k 

42°C, les cellules sont lavees 2 fois, resuspendues dans 0,2 ml d'eau sterile et 
incubees 16 heures a 28°C dans 2 ml de milieu YPD pour permettre 1'expression 
5 phenotypique du gene de resistance au G418 exprime sous controle du promoteur 
Pkl (cf. EP 361 991) ; 200 \d de la suspension cellulaire sont ensuite etales sur 

boites YPD s&ectives (G418, 200 |ig/ml). Les boites sont mises a incuber a 28°C et 
les transf ormants apparaissent aprds 2 d 3 jours de croissance cellulaire. 

EXEMPLE 8: SECRETION DES CHIMERES 

10 Apres selection sur milieu riche supplement^ en G418 les clones 

recombinants sont testes pour leur capacite a secreter les proteines chimeres entre 
SAH et vWF. Quelques clones correspondent a la souche CBS 293.91 transformer 
par exemple, avec les plasmides pYG1214 (SAH-P1), pYG1206 (SAH-P2), 
pYG1223 (SAH-P1-XD-P2) et pYG1248 (SAH-P1-X-P2) ou pKan707 (vecteur 

15 temoin) sont mis a incuber en milieu YPD ou YPL a 28°C. Les surnageants 
cellulaires sont r§cup£res par centrifugation quand les cellules atteignent la phase 
stationnaire de croissance, eventuellement concentres 10 fois par precipitation 
pendant 30 minutes a -20°C dans une concentration finale de 60 % d'&thanol, puis 
testes apres electrophorese en gel SDS-PAGE a 8.5 %, soit directement par 

20 coloration du gel par du bleu de coomassie, soit aprds immunoblot en utilisant 
comme anticorps primaires des anticorps de souris diriges contre le vWF ou un 
serum polyclonal de lapin dirige contre la SAH. Lors des experiences de detection 
immunologique, le filtre de nitrocellulose est d'abord incube en presence des 
anticorps primaires sp£cifiques, lav6 plusieurs fois, incub6 en presence d'anticorps 

25 de chevre anti-souris (immunoblot anti-vWF) ou anti-lapin (immunoblot anti-SAH), 
puis incube en presence d'un complexe avidine-peroxydase en utilisant le "kit ABC" 
distribue par Vectastain (Biosys S.A., Compi^gne, France). La reaction 
immunologique est ensuite revelfee par addition de diamino-3,3 1 benzidine 
tetrachlorydrate (Prolabo) en presence tfeau oxygenee, selon les recommandations 

30 du fabricant Les resultats des Figures 4 a 8 demontrent que la levure K. lactis est " 
capable de stereter des proteines chimeres entre la SAH et un fragment du vWF, et 
que ces chimeres sont reconnues par des anticorps specifiques de la SAH ou du 
vWR 
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EXEMPLE 9: PURIFICATION ET CARACTERISATION MOLECULAIRE 
DES PRODUITS SECRETES 

Les chimeres presentes dans les surnageants de culture correspondant a la 
souche CBS 293,91 transformee, par exemple par les plasmides tfexpression selon 

5 Vexernple 6, sont caracterisees dans un premier temps a l'aide d'anticorps specifiqties 
de la partie SAH et de la partie vWF. Les resultats des Figures 4 a 8 demontrent que 
la levure K. lactis est capable de secreter des proteines chimeres entre la SAH et un 
fragment du vWF, et que ces chimeres sont immunologiquement reactives. II petit 
etre egalement souhaitable de purifier certaines de ces chimeres. La culture est alors 

10 centrifugee (10000 g, 30 min), le surnageant est passe a travers un filtre de 0,22 mm 
(Millipore), puis concentre par ultrafiltration (Amicon) en utilisant une membrane 
dont le seuil de discrimination se situe a 30 kDa. Le concentrat obtenu est alors 
dialyse contre une solution de Tris HC1 (50 mM pH 8) puis purifie sur colonne. Par 
exemple. le concentrat correspondant au surnageant de culture de la souche CBS 

15 293.91 transformee par le plasmide pYG1206 est purifiee par chromatographic 
d'affinite sur Bleu-Trisacryl (IBF). Une purification par chromatographic d'echange 
d*ions peut egalement etre utilisee. Par exemple dans le cas de la chimere SAH- 
vWF470-713, le concentrat obtenu apres ultrafiltration est dialyse contre une 
solution de Tris HQ (50 mM pH 8), puis depose par fractions de 20 ml sur une 

20 colonne (5 ml) echangeuse de cations (S Fast Flow, Pharmacia) equilibree dans le 
meme tampon. La colonne est alors lavee plusieurs fois par la solution de Tris HC1 
(50 mM pH 8) et la proteine chimere est alors eluee de la colonne par un gradient (0 
a 1 M) de NaCl. Les fractions contenant la proteine chim&re sont alors reunies et 
dialysees contre une solution de Tris HC1 50 mM (pH 8) puis redeposees sur colonne 

25 S Fast Flow. Apres elution de la colonne, les fractions contenant la proteine sont 
reunies, dialysees contre de l'eau et lyophilisees avant caracterisation: par exemple, 
le sequengage (Applied Biosystem) de la proteine [SAH-vWF470-704 C471G, 
C474G] secretee par la levure CBS 293.91 donne la sequence N-tenninale attendue 
de la SAH (Asp-Ala-His...), demontrant une maturation correcte de la chimere 

30 immediatement en C-terminal du doublet de residus Arg-Arg de la region "pro" de la . 
SAH (Figure 1). Le caractere essentiellement monomerique des proteines chimeres 
entre SAH et vWF est egalement conf irme par leur profil d'elution sur colonne TSK 
3000 [Toyo Soda Company, equilibree par une solution de cacodylate (pH 7) 
contenant 0,2 M de Na2S04] : par exemple la chimere [SAH-vWF 470-704 C471G, 
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C474G] se comporte dans pes conditions comme une proteine de poids moleculaire 
apparent de 95 kDa demontrant son caractere monomerique. 

EXEMPLE 10: ACTIVITE ANTAGONISTE DES HYBRIDES GENETIQUES 
ENTRE SAH ET VWF POUR L' AGGLUTINATION PLAQUETTAIRE 

5 L'activite antagoniste des produits est determinee par mesure de 1'inhibition 

dose-dependante de l'agglutination des plaquettes humaines fixees au 
paraformaldehyde selon la methode decrite par Prior et al. [Bio/Technology (1992) 
Ifl: 66]. Les mesures se font dans un agregametre (PAP-4, Bio Data, Horsham, PA, 
USA) qui enregistre les variations au cours du temps de la transmission optique sous 

10 agitation a 37°C en presence de vWF, de botrocetine (8,2 mg/ml) et du produit a 
tester a differentes dilutions (concentrations). Pour chaque mesure, 400 ml (8xl0 7 
plaquettes) d'une suspension de plaquettes humaines stabilises au paraformaldehyde 
(0.5 %. puis resuspendues en [NaCl (137 mM) ; MgCl2 (1 mM) ; NaH2P04 (0,36 
mM) ; NaHC03 (10 mM) ; KC1 (2,7 mM) ; glucose (5,6 mM) ; SAH (3,5 mg/ml) ; 

15 tampon HEPES (10 mM, pH 7.35)] sont preincubes a 37°C dans la cuve cylindrique 
(8,75 x 50 mm. Wellcome DistriweU, 159 rue Nationale, Paris) de l'agregametre 
pendant 4 min puis sont additionnes de 30 ml de la solution du produit & tester a 
differentes dilutions dans du vehicule de formulation apyrogene [mannitor (50 g/1) ; 
acide citrique (192 mg/1) ; L-lysine monochlorhydratee (182,6 mg/1) ; NaCl 

20 (88 mg/1) ; pH ajuste a 3.5 par addition de NaOH (1M)], ou de vehicule de 
formulation uniquement (essai controle). La suspension resultante est alors incubee 
pendant 1 min a 37°C et on ajoute 12,5 ml de vWF humain [American Bioproducts. 
Parsippany, NJ, USA ; 11 % d'activite von Willebrand mesuree selon les 
recommandations d'utilisation du PAP-4 (Platelet Aggregation Profiler 1 *) a l'aide de 

25 plaquettes fixees au formaldehyde (2x10 s plaquettes/ml), de plasma humain 
contenant de 0 a 100 % de vWF et de ristocetine (10 mg/ml, cf. p. 36-45: vW 
ProgramTM] que 1'on incube a 37°C pendant 1 min avant d'ajouter 12,5 ml de la 
solution de botrocetine [purifiee a partir de venin lyophilise de Bothmps farar^^ fl 
(Sigma), selon le protocole decrit par Sugimoto et al., Biochemistry (1991) 266 : 

30 18172]. L'enregistrement de la lecture de la transmission en fonction du temps est 
alors realisee pendant 2 min sous agitation h l'aide d'un barreau aimantS (Wellcome 
DistriweU) place dans la cuve et sous une agitation magn&ique de 1100 tr/min 
assuree par ragregametre. La variation moyenne de la transmission optique (n 3 5 
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pour chaque dilution) au cours du temps est done une mesure de i'agglutination 
plaquettaire due a la presence de vWF et de botrocetine, en l'absence ou en presence 
de concentrations variables du produit a tester. A partir de tels enregistrements, on 
determine alors le % d'inhibition de I'agglutination plaquettaire due a chaque 

5 concentration de produit et on trace la droite donnant le % d'inhibition en fonction 
de Tinverse de la dilution de produit en echelle log-log. La CI50 (ou concentration 
de produit provoquant 50 % ^inhibition de I'agglutination) est alors determinee sur 
cette droite. Le Tableau de la Figure 9 compare les CI50 de quelques unes des 
chimeres SAH-vWF de la presente invention et demontre que certaines d'entre elles 

10 sont de meilleurs antagonistes de I'agglutination plaquettaire que le produit 
RG12986 decrit par Prior et al. [Bio/Technology (1992) i£: 66] et inclus dans les 
essais a titre de valeur etalon. Des tests identiques de Tinhibition de I'agglutination 
de plaquettes humaines en presence de vWF de plasma de pore (Sigma) permet en 
plus de demontrer que certains des hybrides de la presente invention, et notamment 

15 certains variants de type IIB, sont de ties bons antagonistes de I'agglutination 
plaquettaire en l'absence de co-facteurs de type botrocetine, L'antagonisme 
botrocetine-independant de ces chimeres particulieres peut egalement etre d6montre 
selon le protocole initialement decrit par Ware et aL [Proc* Natl. Acad. ScL (1991) 
SS: 2946] par deplacement de Tanticorps monoclonal 125 I-U-IB1 (10 mg/ml), un 

20 inhibiteur competitif de la fixation du vWF sur la GPIb plaquettaire [Handa M. et 
aL, (1986) J. Biol. Chem. 2^1: 12579] aprSs 30 min d'incubation a 22°C en presence 
de plaquettes fraiches (10 8 plaquettes/ml). 



WO 93/15200 



29 



PCT/FR93/00087 



LISTE DE SEQUENCES 



(2) INFORMATION POUR LA SEQ ID NO: 1 : 

(i) CARACTERISTIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 2591 paires de bases 

(B) TYPE: acide nuclSique 

(C) NOMBRE DE BRINS: double 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: ADNc 
(iii) HYPOTHETIQUE: NON 
(±ii) ANTI-SENS: NON 



(ix) CARACTERISTIQUE ADDITIONELLE: 

(A) NOM/CLE: CDS 

(B) EMPLACEMENT: 26.. 2587 
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REVENDTCATIONS 

1. Polypeptide recombinant compose d'une partie adhesive derivee de la 
structure du vWF capable d'antagoniser au moins partiellement la liaison du vWF 
aux plaquettes et/ou au sous-endothelium, et d'une partie permettant sa stabilisation 

5 et sa presentation in vivo. 

2. Polypeptide selon la revendication 1 caracterisee en ce que la partie 
adhesive est constitute par tout ou partie de la sequence peptidique comprise entre 
les residus 445 et 733 du vWF ou d'un variant de celle-ci. 

3. Polypeptide selon la revendication 2 caracterise en ce que la partie 
10 adhesive presente une structure choisie parmi : 

(a) la sequence peptidique comprise entre les residus 445-733 du vWF, ou, 

(b) une partie de la sequence peptidique (a) capable d'antagoniser au moins 
partiellement la liaison du vWF au GPlb et/ou au sous-endothelium, ou, 

(c) une structure derivee des structures (a) ou (b) par modifications 
15 structurales (mutation, substitution addition et/ou deletion d*un ou plusieurs residus) 

et capable d'antagoniser au moins partiellement la liaison du vWF au GPlb et/ou au 
sous-endothelium, ou, 

(d) une sequence peptidique non naturelle, par exemple isolee a partir de 
banques peptidiques aleatoires, et capable d'antagoniser au moins partiellement la 

20 liaison du vWF au GPlb et/ou au sous-endothelium. 

4. Polypeptide selon la revendication 3 caracterise en ce que la partie 
adhesive est constituee par une sequence choisie parmi les peptides de type PI, P2, 
X, XD et X* ou par toute combinaison de ces peptides entre-eux, 

5. Polypeptide selon la revendication 4 caracterise en ce que la 
25 combinaison des peptides est choisie parmi les peptides de type P1-P2, Pl-X, Pl- 

XD, Pl-X* X-P2, XD-P2, X*-P2, P1-X-P2, P1-XD-P2 et Pl-X*-P2. 

6. Polypeptide selon la revendication 4 caracterise en ce que la partie * 
adhesive est constituee par tout peptide d'un type defini dans les revendications 4 et 
5 represents plus d'une f ois. 
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7. Polypeptide selon Tune des revendications 1 a 6 caracterise en ce que la 
partie adhesive est couplee a 1'extremite N-terminale de la structure stabilisatrice. 

8. Polypeptide selon Tune des revendications 1 a 6 caracterise en ce que la 
partie adhesive est couplee a l'extremite C-terminale de la structure stabilisatrice. 

5 9. Polypeptide selon Tune des revendications 1 a 8 caracterise en ce que la 

structure stabilisatrice est un polypeptide possedant une demie-vie plasmatique 
elevee. 

10. Polypeptide selon la revendication 9 caracterise en ce que le 
polypeptide possedant une demie-vie plasmatique elevee est une proteine telle 

10 qu'une albumine, une apolipoproteine, une immunoglobuline ou encore une 
transferine. 

11. Polypeptide selon la revendication 9 caracterise en ce que le 
polypeptide possedant une demie-vie plasmatique elevee est deriv6 par 
modification® structurale(s) (mutation, substitution addition et/ou d616tion d'un ou 

15 plusieuis residus, modification chimique) dune proteine selon la revendication 10 . 

12. Polypeptide selon Tune des revendications 9 a 11 caracterise en ce que 
la structure stabilisatrice est un polypeptide faiblement ou non-immunogenique pour 
l'organisme dans lequel il est utilise. 

13. Polypeptide selon la revendication 9 caracterise en ce que la structure 
20 stabilisatrice est une albumine ou un variant de Talbumine. 

14. Sequence nucleotidique codant pour un polypeptide selon Tune 
quelconque des revendications 1 a 13. 

15. Sequence nucleotidique selon la revendication 14 caract&risee en ce 
quelle comprend une sequence "leader" permettant la secretion du polypeptide 

25 exprime. 



16. Cassette depression comprenant une sequence nucleotidique selon 
l'une des revendications 14 ou 15 sous le controle d'une region ^initiation de la 
transcription et eventuellement tfune region de terminaison de la transcription. 
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17. Plasmide autoreplicatif comportant une cassette ^expression selon la 
revendication 16. 

18, Cellule recombinante eucaryote ou procaryote dans laquelle a et6 insere 
une sequence nucleotidique selon Tune des revendications 14 ou 15 ou une cassette 

5 d'expression selon la revendication 16 ou un plasmide selon la revendication 17. 

19, Cellule recombinante selon la revendication 18 caracterisee en ce qu'il 
s'agit d'une levure, tfune cellule animate, d'un champignon ou d'une bacterie. 

20. Cellule recombinante selon la revendication 19 caracterisee en ce qu'il 
s'agit d'une levure. 

10 21. Cellule recombinante selon la revendication 20 caracterisee en ce qu'il 

s'agit d'une levure du genre Saccharomyces ou Kluyveromyces. 

22. Procede de preparation d'un polypeptide tel que defini dans Tune des 
revendications 1 & 13 caracterise en ce que Ton cultive une cellule recombinante 
selon rune des revendications 18 a 21 dans des conditions d'expression, et on 

15 recupere le polypeptide produit 

23. Composition pharmaceutique comprenant un ou plusieurs polypeptides 
selon Tune quelconque des revendications 1 a 13. 
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AAGCT TTACAACAAA TATAAAAACA ATG AAG TGG GTA ACC TTT ATT TCC CTT CTT TTT .CTC TTT 

Met Lys Trp Val Thr Phe lie Ser Leu Leu Phe Leu Phe -12 

AGC TOG GCT TAT TCC AGG GGT GTG TTT CGT CGA GAT GCA CAC AAG AGT GAG GTT GCT CAT 

Ser Ser Ala Tyr Ser Arg Gly Val Phe Arg Arg Asp Ala His Lys Ser Glu Val Ala His 9 

OGG TTT AAA GAT TTG GGA GAA GAA AAT TTC AAA GCC TTG GTG TTG ATT GCC TTT GCT CAG 

Arg Phe Lys Asp Leu Gly Glu Glu Asn Phe Lys Ala Leu Val Leu He Ala Phe Ala Gin 29 

TAT CTT CAG CAG TGT OCA TTT GAA GAT CAT GTA AAA TTA GTG AAT GAA GTA ACT GAA TTT 

Tyr Leu Gin Gin cys Pro Phe Glu Asp His Val Lys Leu Val Asn Glu Val Thr Glu Phe 49 



GCA AAA ACA TOT GTT GCT GAT GAG TCA GCT GAA AAT TGT GAC AAA TCA CTT CAT ACC CTT 
Ala Lys Thr Cys Val Ala Asp Glu Ser Ala Glu Asn Cys Asp Lys Ser Leu His Thr Leu 



CCA AAC CTC CCC CGA TTG GTG AGA OCA GAG GTT GAT GTG ATG TGC ACT GCT TTT CAT GAC 
Pro Asn Leu Pro Arg Leu Val Arg Pro Glu Val Asp Val Met Cys Thr Ala Phe His Asp 



69 



TOT GGA GAC AAA TTA TGC ACA GTT GCA ACT CTT CGT GAA ACC TAT GGT GAA ATG GCT GAC 

Phe Gly Asp Lys Leu Cys Thr Val Ala Thr Leu Arg Glu Thr Tyr Gly Glu Met Ala Asp 89 

TGC TOT GCA AAA CAA GAA CCT GAG AGA AAT GAA TGC TTC TTG CAA CAC AAA GAT GAC AAC 

Cys Cys Ala Lys Gin Glu Pro Glu Arg Asn Glu Cys Phe Leu Gin His Lys Asp Asp Asn 109 



129 



AAT GAA GAG ACA TTT TTG AAA AAA TAC TTA TAT GAA ATT GCC AGA AGA CAT CCT TAC TTT 

Asn Glu Glu Thr Phe Leu Lys Lys Tyr Leu Tyr Glu He Ala Arg Arg His Pro Tyr Phe 149 

TAT GCC COG GAA CTC CTT TTC TTT GCT AAA AGG TAT AAA GCT GCT TTT ACA GAA TGT TGC 

Tyr Ala Pro Glu Leu Leu Phe Phe Ala Lys Arg Tyr Lys Ala Ala Phe Thr Glu Cys Cys 169 

CAA GCT GCT GAT AAA GCT GCC TGC CTG TTG CCA AAG CTC GAT GAA CTT CGG GAT GAA GGG 

Gin Ala Ala Asp Lys Ala Ala cys Leu Leu Pro Lys Leu Asp Glu Leu Arg Asp Glu Gly 189 

AAG GCT TOG TCT GCC AAA CAG AGA CTC AAG TGT GOC AGT CTC CAA AAA TTT GGA GAA AGA 

Lys Ala Ser Ser Ala Lys Gin Arg Leu Lys Cys Ala Ser Leu Gin Lys Phe Gly Glu Arg 209 

HP ^ G CAG TTT CCC AAA GCT GAG TTT GCA 

Ala Phe Lys Ala Trp Ala Val Ala Arg Leu Ser Gin Arg Phe Pro Lys Ala Glu Phe Ala 229 

GAA GTT TCC AAG TTA GTG ACA GAT CTT ACC AAA GTC CAC ACG GAA TGC TGC CAT GGA GAT 

Glu Val Ser Lys Leu Val Thr Asp Leu Thr Lys Val His Thr Glu Cys Cys His Gly Asp 249 

Figure 1 (a) 
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CTG CTT GM TGT GCT GAT GAC AGG GCG GAC CTT GCC AAG TAT ATC TGT GAA AAT CAA GAT 

Leu Leu Glu Cys Ala Asp Asp Arg Ala Asp Leu Ala Lys Tyr lie Cys Glu Asn Gin Asp 269 

TCG ATC TCC AGT AAA CTG AAG GAA TGC TGT GAA AAA CCT CTG TTG GAA AAA TCC CAC TGC 

Ser He Ser Ser Lys Leu Lys Glu Cys Cys Glu Lys Pro Leu Leu Glu Lys Ser His Cys 289 

ATT GCC GAA GTG GAA AAT GAT GAG ATG CCT GCT GAC TTG CCT TCA TTA GCT GCT GAT TTT 

He Ala Glu Val Glu Asn Asp Glu Met Pro Ala Asp Leu Pro Ser Leu Ala Ala Asp Phe 309 

GTT GAA AGT AAG GAT GTT TGC AAA AAC TAT GCT GAG GCA AAG GAT GTC TTC CTG GGC ATG 

Val Glu Ser Lys Asp Val Cys Lys Asn Tyr Ala Glu Ala Lys Asp Val Phe Leu Gly Met 329 

TTT TTG TAT GAA TAT GCA AGA AGG CAT CCT GAT TAC TCT GTC GTA CTG CTG CTG AGA CTT 

Phe Leu Tyr Glu Tyr Ala Arg Arg His Pro Asp Tyr Ser Val Val Leu Leu Leu Arg Leu 349 

GCC AAG ACA TAT GAA ACC ACT CTA GAG AAG TGC TGT GCC GCT GCA GA T CCT CAT GAA TGC 

Ala Lys Thr Tyr Glu Thr Thr Leu Glu Lys Cys Cys Ala Ala Ala Asp Pro His Glu Cys 369 

TAT GCC AAA GTG TTC GAT GAA TTT AAA CCT CTT GTG GAA GAG CCT CAG AAT TTA ATC AAA 

Tyr Ala Lys Val Phe Asp Glu Phe Lys Pro Leu Val Glu Glu Pro Gin Asn Leu He Lys 389 



CAA AAT TCT GAG CTT TTT GAG CAG CTT GGA GAG TAC AAA TTC CAG AAT GCG CTA TTA CTT 
Gin Asn Cys Glu Leu Phe Glu Gin Leu Gly Glu Tyr Lys Phe Gin Asn Ala Leu Leu Val 



ACT GAC AGA GTC ACC AAA TGC TGC ACA GAA TCC TTG GTG AAC AGG CGA CCA TGC TTT TCA 
Ser Asp Arg Val Thr Lys Cys Cys Thr Glu Ser Leu Val Asn Arg Arg Pro Cys Phe Ser 

GCT CTG GAA GTC GAT GAA ACA TAC GTT CCC AAA GAG TTT AAT GCT GAA ACA TTC ACC TTC 
Ala Leu Glu Val Asp Glu Thr Tyr Val Pro Lys Glu Phe Asn Ala Glu Thr Phe Thr Phe 



409 



CCT TAC ACC AAG AAA GTA CCC CAA GTG TCA ACT CCA ACT CTT GTA GAG GTC TCA AGA AAC 

Ary Tyr Thr Lys Lys Val Pro Gin Val Ser Thr Pro Thr Leu Val Glu Val Ser Arg Asn 429 

CTA GGA AAA GTG GGC AGC AAA TGT TGT AAA CAT CCT GAA GCA AAA AGA ATG CCC TCT GCA 

Leu Gly Lys Val Gly Ser Lys Cys Cys Lys His Pro Glu Ala Lys Arg Met Pro Cys Ala 449 

GAA GAC TAT CTA TCC GTG GTC CTG AAC CAG TTA TCT GTG TTG CAT GAG AAA ACG CCA CTA 

Glu Asp Tyr Leu Ser Val Val Leu Asn Gin Leu cys Val Leu His Glu Lys Thr Pro Val 469 



489 



509 



CAT GCA GAT ATA TGC ACA CTT TCT GAG AAG GAG AGA CAA ATC AAG AAA CAA ACT GCA CTT 

His Ala Asp He Cys Thr Leu Ser Glu Lys Glu Arg Gin He Lys Lys Gin Thr Ala Leu 529 

GTT GAG CTT GTG AAA CAC AAG CCC AAG GCA ACA AAA GAG CAA CTG AAA GCT GTT ATG GAT 

Val Glu Leu Val Lys His Lys Pro Lys Ala Thr Lys Glu Gin Leu Lys Ala Val Met Asp 549 

GAT TTC GCA GCT TTT GTA GAG AAG TGC TGC AAG GCT GAC GAT AAG GAG ACC TGC TTT GCC 

Asp Phe Ala Ala Phe Val Glu Lys Cys Cys Lys Ala Asp Asp Lys Glu Thr Cys Phe Ala 569 

HstZX 

GAG GAG GCT AAA AAA CTT GTT GCT GCA ACT CAA GCT GCC TTA one TTA ACC TGT GAA GCC 
Glu Glu Gly Lys Lys Leu Val Ala Ala Ser Gin Ala Ala Leu Gly Leu ThL Cys Glu Ala 589 

SAH< 1 >vWF 

Figure 1 (b) 
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TGC CAG GAG COG GGA GGC CTG GTG GTG CCT CCC ACA GAT GCC CCG GTG AGC CCC ACC ACT 

Cys Gin Glu Pro Gly Gly Leu Val Val Pro Pro Thr Asp Ala Pro val Ser Tto Tta 609 

CTG TAT GTG GAG GAC ATC TCG GAA CCG CCG TTG CAC GAT TTC T AC ££\cr AGG CTA arc 

LfiU Tyr val Glu ASfi He Ser Glu to Pro Leu His Asp Phe iS^^r Arg Leu Leu 629 

?° f" 3 S"? ^° F" 3 01X5 GAT 000 ^ TCC AGG ^ TO <aO GCT GAG TTT GAA GTG CTG 

Asp Leu Val Phe Leu Leu Asp Gly Ser Ser Arg Leu Ser Glu Ala Glu Phe Glu 53 SS 649 

AAG GOC TTT GTG GTG GAC ATG ATG GAG CGG* CTG CGC ATC TCC CAG AAG TGG GTC CGC GTC 

Lya Ala Phe Val Val Asp Met Met Glu Arg Leu Arg lie Ser Gin Lys Trp Val Arg Val 669" 

GCC GTG GTG GAG TAC CAC GAC GGC TCC CAC GCC TAC ATC GGG CTC AAG par nnc *»r* «-«. 

Ala Val val Glu Tyr His Asp Gly Ser His Ala Tyr lie Gly Leu Lys Asp Arg Lys Arg 689 

CCG TCA GAG CTG CGG CGC ATT GCC AGC CAG GTG AAG TAT GCG GGC AGC CAG GTG GCC TCC 

Pro Ser Glu Leu Arg Arg He Ala Ser Gin Val Lys Tyr Ala Gly Ser Gin Val Ala Ser 709 

ACC AGC GAG GTC TTG AAA TAC ACA CTG TTC CAA ATC TTC AGC AAG ATC GAC rw rr*r> ™» 

Thr ser Glu Val l*u Lys T/r Thr Phe Gin lie Phe s£ £ ■ X ££ S S 729 

A ^ ^C AGC CAG GAG CCC CAA CGG ATG TCC CGG 
Ala Ser Arg He Ala Leu Leu Leu Met Ala Ser Gin Glu Pro Gin Arg Met Ser Arg Asn 749 

Etal 25 25 E£ S 1 ? £?° ^ MG MG MG ^ ATr ATC COG GTG GGC ATT 

Phe Val Arg Tyr Val Gin Gly Leu Lys Lys Lys Lys Val lie Val He Pro Val Gly S 769 

S552SSSSSSSgg2S5SSSffi!E 829 



TM GCTT 



*** 



Figure 1 (c) 
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Figure 3 (a) 
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STRATEGIE D'OBTENTION 



PGR sur pET-8c52K 
(Sq1969+Sq2029) 

PCR sur p5E 
(Sq2149+Sq2622) 

PCR sur pET-8c52K 
(Sq3037+Sq2622) 

PCR sur pET-8c52K 
(Sq262USq2622) 

substitution du fragment Mstll-Pstl 
de pYGl309 par Sq2751+Sq2752 

PCR sur pET-8c52K 
(Sq1969+Sql970) 

insertion du fragment Mstll-Bglil 
ausiteMstlldelaSAH 



PCRsurpMMB9 
(Sq1969+Sq2029) 

PCRsurp7E 
(Sq2149+Sq2029) 

PCR sur p5E 
(Sq2149+Sq2029) 



mutagenese par Sq2851 



mutagenese par Sq2B55 



CARACTERISTIQUES O-GLYCOSYUTION PLASMIDE 

POTENTIELLE ^EXPRESSION 



D V 6 1 3 7 4 substitution du fragment EcoRV-MtuI 
de PYG1359 par Sq3017+Sq3018 

pVGI 386 a*stlM«n du fragment SaH-EcoRV 
de pYG1374 par Sq3019+Sq3020 



PV61276 



PCR sur pET-8c52K 
(Sq2258+Sq2259) 
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The present invention concerns novel antithrombotic polypeptides, their preparation and 
pharmaceutical compositions containing them. More specifically, the present invention concerns 
novel polypeptides comprising a part derived from the structure of the von Willebrand's factor 
(vWF) which is intrinsically capable of binding to blood platelets and/or the subendothelium. 

vWF is a glycosylated protein comprising 2813 amino acids which contains a 22 residue 
signal sequence, a 741 residue "pro" region and a 2050 amino acid mature protein organized into 
several repeated structures (Titani, K. et al., Biochemistry 25 (1986) 3171-3184; Verweij, C. L. 
et al., EMBO J. 5 (1986), 1839-1847). This complex glycoprotein is present in vivo, or it is 
stored in specialized vesicles of the endothelial cells or of the platelets, or in a circulating form in 
the blood plasma after secretion and proteolytic maturation during the secretion process. The 
circulating forms of vWF are present in the form of high molecular weight multimers (up to 
20,000 kd), and whose protomer is a dimer of approximately 450 kd. The vWF gene was cloned 
and sequenced by several teams and mapped on the short arm of the chromosome 12 (Sadler, J. 
E. et al., Proc. Natl. Acad. Sci. 82 (1985) 6394-6398; Verweij, C. L. et al., EMBO J. 5 (1986) 
1839-1847; Shelton-Inloes B.B. et al., Biochemistry 25 (1986) 3164-3171; Bonthron D. et al,, 
Nucleic Acids Res. J7 (1986) 7125-7127; Ginsburg, D. et al., Science 228 (1985) 1401-1406). 

vWF is involved in the genesis of arterial thrombi by a complex interaction which is 
poorly understood between certain components of the subendothelium on the one hand and the 
blood platelets on the other hand (and notably the platelet GPlb receptors). An important point is 
that circulating plasma vWF does not spontaneously bind to the GPlb receptors of the platelets, 
and it is likely that its interaction with the subendothelium is necessary to unmask its interaction 
site(s) with the platelets, for example, after a conformational change of the vWF. The interaction 
between the vWF these activated and the platelet GPlb leads to the activation of the blood 
platelets, which then acquire the capacity to aggregate and to generate a fibrinocellular thrombus 
in the presence of certain adhesive proteins (fibrinogen, thrombospondin, vWF, etc.). 

Taking into account its early role in platelet activation, vWF constitutes a 
pharmacological target of choice for the preparation of antithrombotic agents. However, 
numerous difficulties have to be overcome to be able to exploit this molecule on the 
pharmacological level: the incapacity of the circulating vWF to bind the platelets, the lack of 
knowledge on the respective contribution of the different adhesive functions of vWF 
(subendothelium and platelets) in its thrombogenic activity, the difficulty of producing 
sufficiently large amounts of sufficiently pure and homogeneous products for use as therapeutic 
agents, the large size of vWF and its complexity, the dynamics of its tertiary structure, etc. Some 
fragments of vWF have been obtained by proteolytic digestion and studied on the 
pharmacological level. Recombinant fragments have also been produced (EP 255 206; Sugimoto, 
M. et al., Biochemistry 30 (1991) 5202-5209; Azuma, H. et al., J. Biol. Chem. 266 (1991) 
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12342-12347), It is apparent from these studies that the molecules obtained are not entirely 
satisfactory, and in particular that they do not behave as optimal antagonists of the vWF-platelet 
interaction in the absence of certain nonphysiological ligands (such as, for example, ristocentin 
or botrocetin), or they have to be chemically modified (for example, reduction and alkylation), 
probably to unmask the cryptic binding sites of vWF to platelet GPlb. 

The present invention provides novel molecules which are intrinsically capable of at least 
partially antagonizing platelet activation. The molecules of the invention comprise an adhesive 
part which is derived from the structure of vWF and a part which allows its functional 
presentation and ensures the stability and the distribution of the molecule in vivo. Indeed, the 
applicant has shown that it is possible to genetically couple vWF with a structure of the protein 
type and to produce such molecules at satisfactory levels. In addition, the molecules of the 
invention allow the generation and the use of small structures derived from vWF, and which are 
thus very specific for a desired effect (for example, antagonists of the vWF-GPlb interaction 
alone). Moreover, the applicant has shown that such a coupling promotes the presentation of this 
structure at its binding site(s). The polypeptides of the invention thus make it possible to expose, 
within a stable structure, structures derived from vWF which are capable of at least partially 
antagonizing the bond of vWF to the platelets, and as a result, of inhibiting platelet activation. 
The polypeptides of the invention also make it possible to expose, within a stable structure, 
structures derived from vWF which are capable of at least partially antagonizing the bond of 
vWF to the subendothelium. 

A subject of the present invention therefore concerns molecules comprising an adhesive 
part derived from the structure of vWF, capable of at least partially antagonizing the binding of 
vWF to the platelets and/or the subendothelium, and a part of a protein nature allowing its in 
vivo stabilization and presentation. 

More specifically, in the molecules of the invention the adhesive part consists in its 
entirety or in part of the peptide sequence between the residues 445-733 of vWF or one of its 
variants. The peptide sequence of vWF having been published, the numbering of the residues of 
the adhesive part of the molecules of the invention refers to the numbering of the sequence of 
vWF published by Titani et al. (Biochemistry 25 (1986) 3171-3184). It is understood that this 
function can be redundant within molecules of the present invention. A part of this sequence of 
vWF (residues Thr470 to Val713) is indicated in Figure 1, in which human serum albumin is 
coupled at the C-terminal. 

In the meaning of the present invention, the term "variant" denotes any molecule obtained 
by the modification of the sequence which is capable of at least partially antagonizing the 
binding of vWF to the platelets and/or the subendothelium. The expression "modification" 
denotes any mutation, substitution, deletion, addition or modification obtained, for example, by 
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the techniques of genetic engineering. Such variants can be generated for different purposes, 
such as, notably, to increase the affinity of the molecule for its binding site(s), to improve its 
production levels, to reduce its susceptibility to proteases, to increase its therapeutic efficacy or 
to reduce its side effects, or to confer novel pharmacokinetic or biological properties to it, 
notably adhesive functions which are intrinsically expressed in a noncryptic manner. 

Particularly advantageous polypeptides of the invention are those in which the adhesive 
part presents: 

(a) the peptide sequence between the residues 445-733 of vWF, or 

(b) a part of the peptide sequence (a), capable of at least partially antagonizing the 
binding of vWF to GPbl and/or the subendothelium, or 

(c) a structure derived from structures (a) or (b) by structural modifications (mutation, 
substitution, addition and/or deletion of one or more residues) and capable of at least partially 
antagonizing the binding of vWF to GPbl and/or the subendothelium, or 

(d) a non-natural peptide sequence, for example, one isolated from peptide banks and 
capable of at least partially antagonizing the binding of vWF to GPlb and/or the 
subendothelium. 

Among the structures of type (b) one can mention more specifically those that preserved 
the capacity of antagonizing the interaction between vWF and platelet GPlb, such as, for 
example, the peptides G10 or D5 described by Mori et al. (J. Biol. Chem. 263 (1988) 17901- 
17904), or the peptides which preserved their capacity to bind to collagen (Pareti, F. I. et al., J. 
Biol. Chem. 261 (1986) 15310-15315; Roth, G. J. et al., Biochemistry 25 (1986) 8357-8361), 
and/or heparin (Fujimura, Y. et al., J. Biol. Chem. 262 (1987) 1734-1739), and/or botrocetin 
(Sugimoto, M. et al., J. Biol. Chem. 266 (1991) 18172-18178), and/or the sulfatides (Christophe, 
O. et al., Blood 78 (1991) 2310-2317), and/or ristocentin, etc., or any combination between 
these different adhesive structures. 

The structures of type (c) comprise, for example, the molecules in which certain N- or 
O-glycosylation sites were modified or suppressed, as well as the molecules in which one or 
more or all the cysteine residues were substituted, or point and/or multiple mutants concerning at 
least one residue involved in pathologies of type IIB associated with the vWF, such as the 
Arg543, Arg545, Trp550, Val553 or Arg578 residues, for example. They also comprise 
molecules obtained from (a) or (b) by deletion of regions that do not intervene or intervene little 
in the interaction with the binding sites considered, and molecules comprising, compared to (a) 
or (b), additional residues such as, for example, an N-terminal methionine and/or a secretion 
signal sequence and/or a polypeptide adapter allowing the joining to the stabilizing structure. 

As an example, one can cite polypeptides of the invention comprising the stabilizing 
structure coupled: 
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- to a peptide of type PI, whose minimum version corresponds to the peptide G10 
between the Cys474 and Pro488 residues of vWF, or 

- to a peptide of type P2 whose minimal version corresponds to the peptide D5 between 
the Leu694 and Pro708 residues of vWF, or 

- to a peptide of type X or XD corresponding, respectively, to the fragment of vWF 
between the Pro488 and Leu694 residues, and its variants obtained by deletion, or 

- to a peptide of type X* defined as any molecular variant of the peptides of type X and 

XD,or 

to any combination of these peptides, and, among others: 

- the peptides of type P 1 -P2; 

- the peptides of type Pl-X, Pl-XD, Pl-X*; 

- the peptides of type X-P2, XD-P2, X*-P2; 
-the peptides of type PI -X-P2; 

- the peptides of type P 1 -XD-P2; 

- the peptides of type Pl-X*-P2; 

- any adhesive peptide as defined above and represented more than once within the 
molecule of the invention. 

The adhesive part of the molecules of the invention can be coupled, directly, or through 
the intermediary of a joining peptide to the stabilizing protein structure. In addition, it can form 
the N-terminal end or the C-terminal end of the molecule. It is preferred in the molecules of the 
invention for the adhesive part to constitute the C-terminal part of the chimera. 

It is preferred for the stabilizing structure of the polypeptides of the invention to be a 
polypeptide having a high plasma half-life. For example, it can be a protein such as an albumin, 
an apolipoprotein, an immunoglobin or a transferrin, etc. . . It can also consist of peptides derived 
from such proteins by structural modifications, or artificially or semiartificially synthesized 
peptides having a high plasma half-life. Moreover, the stabilizing structure used is given 
preference over a weakly immunogenic or nonimmunogenic polypeptide for the organism in 
which the polypeptide of the invention is used. 

In a particularly advantageous embodiment of the invention, the stabilizing structure is an 
albumin or a variant of albumin, for example human serum albumin (HSA). It is understood that 
the variations of the albumin denote any protein with high plasma half-life obtained by 
modification (mutation, deletion and/or addition) by the techniques of genetic engineering of a 
gene coding for a given isomorph of human serum albumin, as well as any macromolecule with 
high plasma half-life obtained by in vitro modification of the protein coded for by such genes. 
Since albumin is very polymorphous, numerous natural variants have been identified and listed 
(Weitkamp, L. R. et al., Ann. Hum. Genet. 37 (1973) 219). For example, the chimeras between 
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said adhesive function(s) and mature HSA possess pharmaceutical properties and antithrombotic 
activities which are particularly useful in therapy. 

Another subject of the invention concerns a method for the preparation of the above- 
described chimeric molecules. More specifically, this method consists in having a eukaryotic or 
prokaryotic cell host express a nucleotide sequence coding for the desired polypeptide, and then 
in harvesting the polypeptide produced. 

Among the eukaryotic hosts that can be used in the context of the present invention, one 
can mention animal cells, yeasts or fungi. In particular, in the case of yeasts, one can mention the 
yeasts of the genera Saccharomyces x Kluyveromyces, Pichia, Schwanniomyces, or Hansenula. In 
the case of animal cells, one can mention the COS, CHO, C127 cells, etc. . . Among the fungi that 
can be used in the present invention, one can cite, more specifically, Aspergillus ssp. [sic; spp.] 
or Trichoderma ssp. As prokaryotic hosts, it is preferred to use the bacteria such as Escherichia 
coli, or those belonging to the genera Corynebacterium, Bacillus or Streptomyces. 

The nucleotide sequences that can be used in the context of the present invention can be 
prepared in different manners. In general, they are obtained by assembling in a reading frame the 
sequences which code for each one of the functional parts of the polypeptide. The latter can be 
isolated by the techniques known to a person skilled in the art, for example directly from cellular 
messenger RNA (mRNA), or by recloning from a complementary DNA bank (cDNA) prepared 
from producing cells, or they can be completely synthetic nucleotide sequences. Moreover, it is 
understood that the nucleotide sequences can also be modified later, for example by the 
techniques of genetic engineering, in order to obtain derivatives or variants of said sequences. 

More advantageously, in the process of the invention, the nucleotide sequence is a part of 
an expression cassette comprising a transcription initiation region (promoter region) which 
allows, in the host cells, the expression of the nucleotide sequence placed under its control and 
coding for the polypeptides of the invention. This region can originate from promoter regions of 
genes that are strongly expressed in the host cell used, the expression being constitutive or 
regulable. In the case of yeasts, the promoter can be the promoter of phosphogly cerate kinase 
(PGK), of glyceraldehyde-3-phosphate dehydrogenase (GPD) gene, of lactase (LAC4), of the 
enolases (ENO), of the alcohol dehydrogenases (ADH) genes, etc... In the case of bacteria, the 
promoter can be the right or left promoter of the genes of bacteriophage lambda (Pl, Pr), or 
promoters of the genes of the tryptophan (Ptrp) or lactose (Piac) operons. In addition, this control 
region can be modified, for example by in vitro mutagenesis, by the introduction of additional 
control elements or synthetic sequences, or by deletions or substitutions of the original control 
elements. The expression cassette can also comprise a region of termination of the functional 
transcription in the host considered, positioned immediately downstream of the nucleotide 
sequence coding for a polypeptide of the invention. 
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In a preferred method, the polypeptides of the invention result from the expression of a 
eukaryotic or prokaryotic host of a nucleotide sequence and the secretion of the expression 
product of said sequence in the culture medium. Indeed, it is particularly advantageous to be able 
to obtain, by a recombinant route, the molecules directly in the culture medium. In this case, the 
nucleotide sequence coding for a polypeptide of the invention is preceded by a "leader 11 sequence 
(or signal sequence) directing the nascent polypeptide into the secretory routes of the host used. 
This "leader" sequence can be the natural signal sequence of vWF or the stabilizing structure in 
the case where it is a naturally secreted protein, but it can also be any other functional "leader" 
sequence, or an artificial "leader" sequence. The choice of either one of these sequences is 
notably dependent on the host used. Examples of functional signal sequences include those of the 
genes of sexual pheromones or of the "killer" toxins of yeasts. 

In addition to the expression cassette, one or more markers which allow the selection of 
the recombinant host can be added, such as for example the URA3 gene of S. cerevisiae, or 
genes which confer resistance to antibiotics such as geneticin (G418), or any other toxic 
compound, such as certain metal ions. 

The assembly constituted the expression cassette and the selection marker can be 
introduced either directly into the host cells considered, or they can be first inserted into a 
functional self-replicating vector. In the first case, the sequences which are homologous to 
regions present in the genome of the host cells are preferably added to this assembly; said 
sequences being then positioned on each side of the expression cassette and of the selection gene 
so as to increase the frequency of integration of the assembly into the genome of the host by 
targeting the integration of the sequences by homologous recombination. In the case where the 
expression cassette is inserted in a replicating system, a preferred replication system for yeasts of 
the genus Kluyveromyces is derived from the plasmid pKDl, which was initially isolated from K 
drosophilarum; a preferred replication system for yeasts of the genus Saccharomyces is derived 
from the plasmid 2\i of S. cerevisiae. In addition, this expression plasmid can contain all or part 
of said replication systems, or it can combine elements derived from the pKDl plasmid as well 
as from the plasmid 2|i. 

In addition, the expression plasmids can be shuttle vectors between a bacterial host such 
as Escherichia coli and the chosen host cell. In this case, a replication origin and a selection 
marker which function in the bacterial host are required. It is also possible to position restriction 
sites surrounding the bacterial and unique sequences on the expression vector: this allows the 
elimination of these sequences by cutting and religation in vitro of the truncated vector before 
transformation of the host cells, which can result in an increase in the number of copies and in an 
increased stability of the expression plasmids in said hosts. For example, such restriction sites 
can correspond to sequences such as 5'-GGCCNNNNNGGCC-3" (Sfil) or 5 , -GCGGCCGC-3 t 
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(NotI) to the extent that the sites are extremely rare and generally absent from an expression 
vector. 

After the construction of such vectors or expression cassettes, the latter are introduced 
into the chosen host cells using classic techniques described in the literature. In this regard, any 
method which allows the introduction of a foreign DNA into a cell can be used. They can 
notably be transformation, electroporation, conjugation, or any other technique known to a 
person skilled in the art. As an example of hosts of the yeast type, the different strains of 
Kluyveromyces used were transformed by treating the whole cells in the presence of lithium 
acetate and polyethylene glycol according to the technique described by Ito et al. (J. Bacteriol. 
153 (1983) 163). The transformation technique described by Durrens et al. (Curr. Genet. 18 
(1990) 7), using glycol and dimethyl sulfoxide was also used. It is also possible to transform the 
yeasts by electroporation according to the method described by Karube et al. (FEBS Letters 182 
(1985) 90). An alternative protocol is also described in detail in the following examples. 

After the selection of the transformed cells, the cells expressing said polypeptides are 
inoculated, and the recovery of said polypeptides can be done either during cell growth by 
"continuous" processes, or at the end of growth for "batch" cultures. The polypeptides which are 
the subject of the present invention are then purified from the culture supernatant for their 
molecular, pharmacokinetic and antithrombotic characterization. 

A preferred expression system of the polypeptides of the invention consists of the use of 
yeasts of the genus Kluyveromyces as the host cell, transformed by certain vectors derived from 
the extrachromosomal replicon pKDl initially isolated in K marxianus var. drosophilarum. 
These yeasts, particularly K lactis and K fragilis, are generally capable of replicating said 
vectors in a stable manner and in addition they have the advantage of being included in the list of 
G.R.A.S. ("Generally Recognized As Safe") organisms. Yeasts are preferentially industrial 
strains of the genus Kluyveromyces capable of replicating in a stable manner said plasmids 
derived from the plasmid pKDl , and in which a selection marker was inserted, as well as an 
expression cassette allowing the secretion of the polypeptides of the invention at high levels. 

The present invention also concerns the nucleotide sequences coding for the above- 
described chimeric polypeptides, as well as the eukaryotic or prokaryotic recombinant cells 
comprising such sequences. 

The present invention also concerns the application as a drug of the polypeptides 
according to the present invention. More specifically, the subject of the invention is any 
pharmaceutical composition comprising one or more polypeptides as described above. More 
specifically, these compositions can be used for the prevention or the treatment of thromboses. 

The present invention will be described more completely with the aid of the following 
examples, which must be considered as illustrative and nonlimiting. 



12 



List of the figures 

The representations of the plasmids indicated in the following figures are not drawn to 
scale, and only the restriction sites which are important for understanding the cloning operations 
carried out are indicated. 

Figure 1 : Nucleotide sequence of a restriction fragment Hindlll coding for a chimeric 
protein of the type HSA-vWF. The black arrows indicate the end of the "pre" and "pro" regions 
of the HSA. The Mstll and PstI restriction sites are underlined. The numbering of the amino 
acids (right column) corresponds to the mature chimeric pitrtein HSA-vWF470->713 (829 
residues); the fragment Thr470-Val713 of vWF of this particular chimera is numbered from the 
Thr586 to Val829 residue. The Thr470, Leu494, Asp498, ProSOl, Tyr508, Leu694, Pro704 and 
Pro708 residues of mature vWF are underlined. 

Figure 2: Schematic representation of chimeras of the type HSA-vWF (A), of the type 
vWF-HSA (B) or vWF-HSA-vWF (C). Abbreviations used: M/LP, translation initiator 
methionine residue, optionally followed by a secretion signal sequence; HSA, mature human 
serum albumin or one of its variants; vWF, a fragments) of vWF possessing the property of 
binding to platelets and/or the subendothelium, or a variant obtained by the techniques of genetic 
engineering. The black arrow indicates the N-terminal end of the mature protein. 

Figure 3: A, restriction map of the plasmid pYG105 and strategy for the construction of 
the expression plasmids of the chimeric proteins of the present invention. Abbreviations used: P, 
transcription promoters; T, transcription terminator; IR, inverted repeated sequences of the 
plasmid pKDl; LPhsa, "prepro" region of HSA; Ap r and Km r denote the genes of resistance to 
ampicillin (E coli) and G418 (yeasts), respectively. 

B, characteristics and genetic relationship of the principal expression plasmids of the 
hybrids between HSA and vWF exemplified in the present invention. The plasmids of the first 
column are plasmids of the pUC type comprising a Hindlll restriction fragment corresponding to 
translational fusions between the totality of the HSA and a fragment or a molecular variant of 
vWF. The expression plasmids correspond to cloning in the productive orientation of these 
Hindlll fragments in the Hindlll site of the plasmid pYG105 (LAC4). 

Figure 4: Characterization of the material secreted after 4 days of culture (Erlenmeyer 
flasks) of the strain CBS 293.91 transformed by the plasmids pYG1248 (expression plasmid of a 
chimera of the type HSA-P1-X-P2) and pKan707 (control plasmid). In this experiment, the 
results of panels A, B and C had migrated on the same gel (8.5% SDS-PAGE), and then treated 
separately. 
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A, staining with Coomassie blue; molecular weight standard (lane 2); supernatant 
equivalent to 50 |iL of the culture transformed by the plasmids pKan707 in YPL medium (lane 
1), or pYG1248 in YPD medium (lane 3) or YPL (lane 4). 

B, immunological characterization of the material secreted after the use of mouse 
antibodies directed against human vWF: same legend as for A, except that biotinylated molecular 
weight standards were used, 

C, immunological characterization of the material secreted after the use of rabbit 
antibodies directed against human albumin; supernatant equivalent to 50 \iL of the culture 
transformed by the plasmids pKan707 in YPL medium (lane 1), or pYG1248 in YPD medium 
(lane 2) or YPL (lane 3). 

Figure 5: Kinetics of secretion of a chimera of the type HSA-P2 by the strain CBS 293.91 
transformed by the plasmid pYG1206. 

A, staining with Coomassie blue; molecular weight standard (lane 1); supernatant 
equivalent to 2.5 ^L of a "Fed Batch" culture in YPD medium after 24 h (lane 2), 40 h (lane 3) or 
46 h (lane 4) of growth. 

B, immunological characterization of the material secreted after use of mice antibody 
directed against human vWF: same legend as for A except that biotinylated molecular weight 
standards were used. 

Figure 6: Characterization of the material secreted by K. lactis transformed by the 
plasmids pKan707 (control plasmid, lane 2), yPG1206 (expression plasmid of a chimera of the 
type HSA-P2, lane 3), pYG1206 (expression plasmid of a chimera of type HSA-P2, lane 3), 
pYG1214 (expression plasmid of a chimera of the type HSA-P1, lane 4) and PYG1223 
(expression plasmid of a chimera of the type HSA-P1-XD-P2, lane 5); molecular weight standard 
(lane 1). The deposits correspond to 50 nL of supernatant of a stationary culture after growth in 
YPD medium, migration in an 8.5% acrylamide gel and staining with Coomassie blue. 

Figure 7: Characterization of the material secreted after 4 days of culture (Erlenmeyer 
flasks) of the strain CBS 293.91 transformed by the plasmids pYG131 1 (HSA-vWF508->704) 
and pYG1313 (HSA-vWF470->704, C471G, C474G), after migration on an 8,5% SDS-PAGE 
gel. 

A, staining with Coomassie blue; supernatant equivalent to 100 \iL of the culture 
transformed by the plasmids pYG131 1 (lane 1) or pYG1313 (lane 2) in YPL medium; molecular 
weight standard (lane 3). 

B, immunological characterization of the material secreted after the use of mice 
antibodies directed against human vWF: same legend as for A. 

C, immunological characterization of the material secreted after the use of rabbit 
antibodies directed against human vWF; same legend as for A. 
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Figure 8: Characterization of the material secreted after 4 days of culture (Erlenmeyer 
flasks) of the strain CBS 293.91 transformed by the plasmids pYG1361 (HSA-vWF470->704, 
C471G, C474G, R543W) and pYG1365 (HSA-vWF470-<704, C471G, C474G, P574L), after 
migration on an 8.5% SDS-PAGE gel. In this experiment, the results of panels A, B and C had 
migrated in the same gel, then treated separately. 

A, staining with Coomassie blue; supernatant equivalent to 100 |iL of the culture 
transformed by the plasmids pYG1361 (lane 1) or pYG1365 (lane 2) in YPL medium; molecular 
weight standard (lane 3), 

B, immunological characterization of the material secreted after use of mouse antibodies 
directed against human vWF: same legend as for A. 

C, immunological characterization of the material secreted after use of rabbit antibodies 
directed against ASA; same legend as for A. 

Figure 9: In vitro assay of the antagonistic activity for agglutination of human platelets 
fixed by paraformaldehyde: IC 50 of the hybrids HSA-vWF694-708 (HSA-vWF470-713 C471G, 
C4746) and (HSA-vWF470-704 C471G, C474G) with respect to the standard RG12986. The 
determination of the dose-dependent inhibition of the platelet agglutination is carried out under 
stirring at 37°C using a PAP-4 aggregometer, in the presence of human vWF, of botrocetin (8.2 
mg/mL) and of the product to be tested at different dilutions. The concentration of the product 
which allows the inhibition of half of the control agglutination (absence of product) is then 
determined (IC50) 

Examples 

General cloning techniques 

The methods which are classically used in molecular biology, such as the preparative 
extractions of plasmid DNA, the centrifugation of plasmid DNA in a cesium chloride gradient, 
the electrophoresis on agarose or acrylamide gels, the purification of DNA fragments by 
electrocution, the extractions of proteins with phenol or phenol-chloroform, the precipitation of 
DNA in a saline medium by ethanol or isopropanol, the transformation in Escherichia coli, etc., 
are well known to a person skilled in the art and they have been extensively described in the 
literature (Maniatis, T. et al., "Molecular Cloning, a Laboratory Manual," Cold Spring Harbor 
Laboratory, Cold Spring Harbor, N.Y., 1982; Ausubel, F. M. et al. (eds), "Current Protocols in 
Molecular Biology," John Wiley & Sons, New York, 1987). 

The restriction enzymes were supplied by New England Biolabs (Biolabs), Bethesda 
Research Laboratories (BRL) or Amersham, and they are used according to the 
recommendations of the suppliers. 
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The plasmids of the type pBR322, pUC and the phages of the Ml 3 series are of 
commercial origin (Bethesda Research Laboratories). 

For the ligations, the DNA fragments are separated by size by electrophoresis on agarose 
or acrylamide gels, extracted with phenol or with a phenol/chloroform mixture, precipitated with 
ethanol, and then incubated in the presence of the phage T4 DNA ligase (Biolabs) according to 
the recommendations of the supplier. 

The filling of the projecting 5 1 ends is carried out by the Klenow fragment of DNA 
polymerase I of E. coli (Biolabs) according to the specifications of the supplier. The destruction 
of the projecting 3 f -ends is carried out in the presence of the phage T4 DNA polymerase 
(Biolabs), used according to the recommendations of the manufacturer. The destruction of the 
projecting 5 '-ends is carried out by a controlled treatment with SI nuclease. 

The in vitro mutagenesis directed by synthetic oligodeoxynucleotides is carried out 
according to the method developed by Taylor et al. (Nucleic Acids Res. 13 (1985) 8749-8764), 
using the kit distributed by Amersham. 

The enzymatic amplification of DNA fragments using the PCR technique (Polymerase- 
catalyzed Chain Reaction, Saiki, R. K. et al., Science 230 (1985) 1350-1354; Mullis, K. B. and 
Faloona, F. A., Meth. Enzym. 155 (1987) 335-350) is carried out using a DNA thermal cycler 
(Perkin Elmer Cetus) according to the specifications of the manufacturer. 

The verification of the nucleotide sequences is carried out by the method developed by 
Sanger et al. (Proc. Natl. Acad. Sci. USA, 74 (1977) 5463-5467) using the kit distributed by 
Amersham. 

The numbering of the amino acids of vWF is that of Titani et al. (Biochemistry 25 (1986) 
3171-3184). 

The transformations of K lactis with the DNA of the expression plasmids of proteins of 
the present invention are carried out by any technique known to a person skilled in the art, an 
example of which is given in the text. 

Unless otherwise indicated, the bacterial strains used are E. coli MCI 060 (lacIPOZYA, 
X74, galU, galK, strA r ) or E. coli TGI (lac, proA,B, supE, thi, hsdD5/FtraD36, proA + B + , lacl q , 
lacZ,M15), 

The yeast strains used belong to the budding yeasts, and more specifically to the yeasts of 
the genus Kluyveromyces. The strain K lactis MW98-8C (a, uraA, arg, lys, K + , pKDl°) and K 
lactis CBS 239.91 were used in particular; a sample of strain MW98-8C was deposited on 
September 16, 1988 at Central Bureau For Fungal Cultures (CBS) at Baarn (Netherlands) where 
it is registered under number CBS 579.88. 

A bacterial strain (£ coli) transformed by the plasmid pET-8c52K was deposited on 
April 17, 1990 at the American Type Culture Collection under the number ATCC 68306. 
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The yeast strains transformed by the expression plasmids coding for the proteins of the 
present invention are cultured in Erlenmeyer flasks or in 2 L pilot fermenters (SETRIC, France) 
at 28°C in a rich medium (YPD: 1% yeast extract, 2% Bactopeptone, 2% glucose; or YPL: 1% 
yeast extract, 2% Bactopeptone, 2% lactose) under constant stirring. 

Example 1 : Construction of the plasmid pET-8c52K and of its molecular variants 

The cDNA fragment of vWF coding for residues 445-733 of human vWF has several 
determinants which are crucial for the interaction between vWF and the platelets on the one hand 
and certain elements of the basal membrane and of the subendothelium tissue on the other hand. 
The amplification of these genetic determinants can be carried out, for example, from a human 
cell line expressing vWF, and, for example, from a line of endothelial cells from human 
umbilical cord veins (Verweij, C. L. et al., Nucleic Acids Res. 13 (1985) 4699-4717), or from 
human platelet RNA, for example, according to the protocol described by Ware et al. (Proc. Natl. 
Acad. Sci. 88 (1991) 2946-2950). The cellular RNA is purified using the extraction technique 
with guanidine thiocyanate initially described by Cathala et al. (DNA 4 (1983) 329-335) and 
used as template for the synthesis of complementary DNA (cDNA) including the part of vWF to 
be amplified. In a first step, the synthesis of the noncoding strand is carried out using the kit 
distributed by Amersham and an oligodeoxynucleotide which is complementary to the nucleotide 
sequence of the mRNA coding for the contiguous residues located at the C-terminal of the part to 
be amplified. The resulting solution is then subjected to three enzymatic amplification cycles by 
the PCR technique using as primer the preceding oligodeoxynucleotide and a 
oligodeoxynucleotide identical to the nucleotide sequence coding for contiguous residues located 
at the N-terminal of the part of vWF to be amplified. The amplified fragments are then cloned in 
vectors of the Ml 3 type for their verification by sequencing using either the universal primers 
located on both sides of the cloning multisite, or specific oligodeoxynucleotides of the amplified 
region of the vWF gene for which the sequence of several isomorphs is known (Sadler, J. E. et 
al., Proc. Natl. Acad. Sci. 82 (1985) 6394-6398; Verweij, C. L. et al., EMBO J. 5 (1986) 1839- 
1847; Shelton-Inloes, B. B. et al., Biochemistry 25 (1986) 3164-3171; Bonthron, D. et al., 
Nucleic Acids Res. 17 (1986) 7125-7127). Plasmid pET-8c52K is particularly useful because it 
comprises a fragment of the cDNA of vWF coding for residues 445-733 of human vWF and 
notably it includes the peptides G10 and D5, which are antagonists of the interaction between 
vWF and GPlb (Mori, H. et al., J. Biol. Chem. 263 (1988) 17901-17904). The fragment of vWF 
present in plasmid p5E is identical to the fragment of vWF of plasmid pET-8c52K except that 
the cysteine residues at positions 459, 462, 464, 471 and 474 were mutated into glycine residues 
by directed mutagenesis. Plasmid p7E is identical to plasmid p5E except that the cysteine 
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residues at positions 509 and 695 were also mutated into glycine residues by directed 
mutagenesis. 

Example 2 : Construction of a Mstll-Hindlll restriction fragment including a binding site of vWF 

to blood platelets 

E.2. 1 Peptide of the type P 1 -X-P2 

E.2.1.1 Thr470-Val713 residues of vWF 

The PCR amplification of the plasmid pET-5c52K with the oligodeoxynucleotides 5 f - 
CCCG GGATCCCTTAGG CTTAACCTGTGAAGCCTGC-3 1 (Sql969, the BamHI and Mstll 
sites are underlined) and 5 f 'CCC GGGATCCAAGCTT AGACTTGTGCCATGTCG-3 f (Sq2029, 
the BamHI and Hindlll sites are underlined), generates a fragment which includes the Thr470 to 
Val713 residues of vWF (see Figure 1, Thr586 to Val829 residues). The amplified fragments are 
first cut with BamHI, cloned in the BamHI site of a vector of the pUC type, and the sequence of 
a clone is verified by sequencing. The peptide sequence so amplified comprises an Mstll-Hindlll 
restriction fragment including the Thr470 to Val713 residues of vWF, whose peptide sequence is 
identical to the corresponding sequence described by Titani et al. (Biochemistry 25 (1986) 3171- 
3184). Plasmid pYG1220 comprises this Mstll-Hindlll restriction fragment preceded by the 
Hindlll-Mstll fragment of plasmid pYG404 (see Example 4 and Figure 3B). 

E.2.1.2 Residues Thr470-Pro704 of vWF 

Residue 705 of natural vWF is Oglycosylated and located inside peptide D5, defined by 
the Leu694 to Pro708 residues of vWF (Mori, H. et al., J. Biol. Chem. 263 (1988) 17901-17904). 
In addition, it is known that a treatment of natural vWF with neuraminidase, whose function is to 
release the terminal sialic acids of the glycosylations of mammalian cells, allows the exposure of 
the binding sites of vWF to platelet GPIb in the absence of platelet agglutination factors such as 
botrocetin, for example. Thus, it is possible that the suppression of all or part of the O- 
glycosylation sites of recombinant vWF, and notably secreted by a yeast where it is assumed that 
the O-glycosylation lacks sialic acids, generates a product which is intrinsically capable of 
recognizing the platelet GPIb in the absence of such cofactors. A Mstll-Hindlll fragment 
including the Thr470 to Pro704 residues of vWF is thus generated in a manner similar to the 
preceding example: the fragments resulting from the PCR amplification of the plasmid p5E with 
the oligodeoxynucleotides 5 -CCCGGG ATCCCTT AGGCTT AACCGGTG AAGCCGGC-3 ' 
(Sq2149, the BamHI and Mstll sites are underlined) and 5-CCA TGGATCCAAGCTT AAGGA- 
GG AGGGGCTTC AGGGGC AAGGTC-3 ' (Sq2622, the BamHI and Hindlll sites are underlined) 
are first cloned in a vector of the pUC type in the form of a BamHI restriction fragment, and the 
sequence of a clone is verified by sequencing. The sequence of the Mstll-Hindlll fragment so 
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generated corresponds to the corresponding sequence given in Figure 1 except that the codon 
TAA specifying the translation stop is located immediately downstream of the Pro704 residue of 
vWF and residues 471 and 474 are glycine residues and not cysteine residues. Plasmid pYG1310 
comprises this Mstll-HindHI restriction fragment preceded by the Hindlll-Mstll fragment of 
plasmid pYG404 (see Example 4 and Figure 3B). 

E.2. 1 .3 Leu494-Pro704 residues of vWF 

The peptide sequence present in plasmid pYG1310 also has threonine or serine residues 
in positions 485, 492, 493 and 500 which are naturally O-glycosylated in the native molecule of 
human vWF, located in the immediate proximity of peptide G10 defined by Mori et al. (J. Biol. 
Chem. 263 (1988) 17901-17904). The amplification by the PCR technique of the plasmid 
pET8C-52K by the oligodeoxynucleotides 5'-CCCG GGTACCTTAGG CTTACTGTATGTGGA- 
GGACATC-3' (Sq3037, the Kpnl and Mstll sites are underlined) and 5'-CCAT GGATCCAAGC- 
UAAGGAGGAGGGGCTTCAGGGGCAAGGTC-3 1 (Sq2622, the BamHI and Hindlll sites are 
underlined) generates a fragment including the Leu494 to Pro704 residues of vWF. The 
amplified fragments are first cut by the Kpnl and BamHI enzymes to be cloned in a vector of the 
pUC type cut by the same enzymes. A particular clone is isolated which corresponds to the 
expected sequence verified by sequencing. This KpnI-BamHI fragment thus comprises a Mstll- 
Hindlll fragment including the Leu494 to Pro704 residues of human vWF. Plasmid pYG1373 
comprises this Mstll-HindHI restriction fragment preceded by the Hindlll-Mstll fragment of 
plasmid pYG404 (see Example 4 and Figure 3B). 

E.2.1.4 Tyr508-Pro704 residues of vWF 

The peptide sequence present after PCR amplification in plasmid pYG1373 still has the 
threonine residue in position 500, which is naturally O-glycosylated in the native molecule of 
human vWF. The amplification by the PCR technique of plasmid pET8C-52K by the 
oligodeoxynucleotides S'-CCCG GGTACCTTAGGC TTATACTGCAGCAGGCTACTGGACC- 
TG-3' (Sq2621, the Kpnl and Mstll sites are underlined) and 5-CCA TGGATCCAAGCTT AAG- 
G AGG AGGGGCTTC AGGGGC AAGGTC-3 ' (Sq2622, the BamHI and Hindlll sites are 
underlined) generates a fragment including the Tyr508 to Pro704 residues of vWF. The 
amplified fragments are first cut by the Kpnl and BamHI enzymes to be cloned in a vector of the 
pUC type cut by the same enzymes. A particular clone is isolated which corresponds to the 
expected sequence verified by sequencing. This KpnI-BamHI fragment thus comprises a Mstll- 
Hindlll fragment including the Tyr508 to Pro704 residues of human vWF. Plasmid pYG1309 
comprises this Mstll-HindHI restriction fragment preceded by the Hindlll-Mstll fragment of 
plasmid pYG404 (see Example 4 and Figure 3B). 
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E.2.1.5 Residues Pro502-Pro704 of vWF 

The peptide sequence corresponding to the Pro502 to Pro704 residues of human vWF is 
generated from the preceding plasmid by the insertion of the oligodeoxynucleotides 5- 
TTAGGGTTACCACCTTTGCATGACTTCTACTGCA-3 1 (Sq2751) and 5'- 
GTAG AAGTC ATGC AAAGGTGGTAACCC-3 ' (Sq2752) which by pairing can be cloned 
between the Mstll and PstI sites of the plasmid obtained after PCR amplification according to 
Example E.2.1.4, which allows the generation of a Mstll-Hindlll restriction fragment including 
the Pro502 to Pro704 residues of human vWR Plasmid pYG1350 comprises this Mstll-Hindlll 
restriction fragment preceded by the Hindlll-Mstll fragment of plasmid p YG404 (see Example 4 
and Figure 3B). 

E,2.2 Thr470-Asp498 residues of vWF: peptide of type PI 

In a particular embodiment, the binding site of vWF is a peptide including the Thr470 to 
Asp498 residues of mature vWF. This sequence, included in peptide G10 (Cys474-Pro488), was 
described by Mori et al. (J. Biol. Chem. 263 (1988) 17901-17904) and it is capable of 
antagonizing the interaction of human vWF with GPlb of human platelets. The sequence 
including peptide G10 is first generated in the form of a Mstll-Hindlll restriction fragment, for 
example by means of the PCR amplification technique or directly with the aid of synthetic 
oligodeoxynucleotides. For example, the PCR amplification products of plasmid pET-8c52K 
with the oligodeoxynucleotides Sql969 and S'-CCC GGGATCCAAGCTT AGTCCTCCACATA- 
CAG-3' (Sql970, the BamHI and Hindlll sites are underlined) are first cut by the BamHI 
enzyme and then cloned in the BamHI site of a vector of the pUC type. A particular clone is 
isolated which corresponds to the expected sequence verified by sequencing. This BamHI 
fragment thus comprises a Mstll-Hindlll fragment including the Thr470 to Asp498 residues of 
human vWF. Plasmid pYG1210 comprises this Mstll-Hindlll restriction fragment preceded by 
the Hindlll-Mstll fragment of plasmid pYG404 (see Example 4 and Figure 3B). 

E.2.3 Residues Leu694-Pro708 of vWF: peptide of type P2 

In a second embodiment, the binding site of vWF to GPlb is directly devised with the aid 
of synthetic oligodeoxynucleotides, and for example the oligodeoxynucleotides 5 f - 
TTAGGCCTCTGTGACCTTGCCCCTGAAGCCCCTCCTCCTACTCTGCCCCCCTAAGC- 
TTA-3' and S'-GATCTAAGCTTAGGGGGGCAGAGTAGGAGGAGGGGCTTCAGGGGCA- 
AGGTCACAGAGGCC-3 1 . These oligodeoxynucleotides form by pairing an Mstll-Bglll 
restriction fragment including the Mstll-Hindlll fragment corresponding to peptide D5 defined 
by the Leu694 to Pro708 residues of vWF (Mori, H. et al., J. Biol. Chem. 263 (1988) 17901- 
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17904). Plasmid pYG1204 comprises this Mstll-Hindill restriction fragment preceded by the 
HindlH-Mstll fragment of plasmid pYG404 (see Example 4 and Figure 3B). 

E.2.4 Peptide of the type P 1 -XD-P2 

Useful variants of plasmid pET-8c52K are deleted by directed mutagenesis between 
peptides G10 and D5, for example the collagen and/or heparin and/or botrocetin and/or sulfatide 
and/or ristocentin binding sites. An example is plasmid pMMB9, deleted by directed 
mutagenesis between the Cys509 and Ile662 residues. PCR amplification of this plasmid with the 
oligodeoxynucleotides Sql969 and Sq2029 generates a Mstll-Hindill restriction fragment 
including the Thr470 to Tyr508 and Arg663 to Val713 residues and in particular peptides G10 
and D5 of vWF, and in particular its collagen binding site located between the Glu542 and 
Met622 residues is deleted (Roth, G. J. et al., Biochemistry 25 (1986) 8357-8361). Plasmid 
pYG1217 comprises this Mstll-Hindill restriction fragment preceded by the HindlH-Mstll 
fragment of plasmid pYG404 (see Example 4 and Figure 3B). In other embodiments, the use of 
combined techniques of directed mutagenesis and PCR amplification allows the generation at 
variants will of the Mstll-Hindill restriction fragment of Figure 1, except that one or more 
sulfatide and/or botrecetine and/or heparin and/or collagen binding sites has (have) been deleted. 

E.2.5 Peptide of type P 1 -X*-P2 

E.2.5.1 Conformational alteration by substitution of the cysteine residues 

The PCR amplification products of plasmids p5E and p7E with the 
oligodeoxynucleotides Sq2149 (S-CCC GGGATCCCTTAGG CTTAACCGGTGAAGCCGGC- 
3', the BamHI and Mstll sites are underlined) and Sq2029 are first cloned in a vector of the pUC 
type in the form of a BamHI restriction fragment, and the sequence of a clone is verified by 
sequencing. The sequence of the Mstll-Hindill fragment so generated corresponds to the 
corresponding sequence given in Figure 1 except that residues 471 and 474 of vWF are glycine 
residues and not cysteine residues. Plasmid pYG1271 comprises this Mstll-Hindill restriction 
fragment preceded by the HindlH-Mstll fragment of plasmid pYG404 (see Example 4 and 
Figure 3B). Plasmid pYG1269 is generated in a similar manner except that plasmid p7E is used 
as the template in the PCR amplification by the oligodeoxynucleotides Sq2149 and Sq2029. 

E.2.5.2 Conformational alteration by introduction of mutations of type IIB 

Other particularly useful mutations concern at least one residue involved in pathologies 
of type IIB associated with vWF (increase in the intrinsic affinity of vWF for GPlb), such as the 
Arg543, Arg545, Trp550, Val551, Val553, Pro574 or Arg578 residues for example. The in vitro 
genetic recombination techniques also allow the introduction at will of one or more 
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supplementary residues in the sequence of vWF, and for example a supernumerary methionine 
between the positions Asp539 and Glu542. In a particular example, the mutations 
Arg543>Trp543 (R543W) and Pro574->Leu574 (P574L) are introduced by directed mutagenesis 
with the aid of the oligodeoxynucleotides 5 -GTGCTG AAGGCCTTTGTGGTCG AC ATG ATG- 
GAGTGGCTGCGGATATCCCAGAAGTGGGTAGCGGTGGCCGTGGTGGAGTACC-3' 
(Sq2851; the codon specifying the Arg543 residue is underlined) and S'-GGGCTCAAGGACC- 
GGAAGCGCTTAAGCGAGCTGCGGCGCATTGCCAGCCAG-3' (Sq2855; the codon 
specifying the residue Leu574 is underlined), respectively. After verification of the nucleotide 
sequence, one thus generates Mstll-Hindlll restriction fragments including the mutants of type 
IIB of human vWF R543W and P2574L. Plasmids pYG1359 (R543W) and pYG1360 (P574L) 
comprise these Mstll-Hindlll restriction fragments preceded by the Hindlll-Mstll fragment of 
plasmid pYG404 (see Example 4 and Figure 3B). The mutagenesis with the aid of the 
oligodeoxynucleotide Sq2851 also introduces the Sail, EcoRV and Mlul sites at the Val538, 
Ile546 and Val551 positions, respectively. These restriction sites are not present in the 
corresponding natural sequence of human vWF and they are thus particularly useful to easily 
introduce any desirable mutation between the Val538 and Val551 residues. As an example, the 
oligodeoxynucleotides S'-ATCCCAGAAG TGC GTA-S' (Sq3017, the codon specifying the 
mutant of type IIB Cys550 is underlined) and 5'-CGCGTACGCACTTCTGGGAT-3 (Sq3018) 
form by a pairing an EcoRV-MluI restriction fragment which can be cloned in plasmid pYG1359 
cut by the EcoRV and MM enzymes, which generate plasmid pYG1374 comprising the 
mutations R543 W and W550C (Figure 3B). In the same manner, the oligodeoxynucleotides 
5-TCGACATGATGGAGCGGCTGCGGAT-3 1 (Sq3019, the codon specifying the Arg543 
residue originating from the natural sequence is underlined) and 5-ATCCGCAGCCGCTCCAT- 
CATG-3 1 (Sq3020) form by pairing an Sall-EcoRV restriction fragment which can be cloned in 
plasmid pYG1374 cut by the Sail and EcoRV enzymes, which generates plasmid pYG1386 
which comprises only the mutation W550C (Figure 3B). 

Example 3 : Construction of a Mstll/Hindlll restriction fragment including a binding site of vWF 
to the subendothelium 

In a particular embodiment, the binding sites of vWF to the components of the 
subendothelial tissue, and of collagen in particular, are generated by PCR amplification of 
plasmid pET-8c52K. For example, the use of the oligodeoxynucleotides Sq2258 (5-GGA TCC- 
TTAGGGCTGTGCAGCAGGCTACTGGACCTGGTC-3 1 , the Mstll site is underlined) and 
Sq2259 (5 , -GAATTCAAGCTTAACAGAGGTAGCTAACGATCTCGTCCC-3 , , the Hindlll site 
is underlined) allows the generation of plasmid pYG1254, whose Mstll-Hindlll restriction 
fragment includes the Cys509 to Cys695 residues of natural vWF (peptide of type X). The 
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ligation of this restriction fragment with the HindlH-Mstll restriction fragment of plasmid 
pYG404 (see Example 4) generates the Hindlll restriction fragment of plasmid pYG1276 (Figure 
3B). 

Molecular variants of types XD (see E.2.4) or X* (see E.2.5) can also be generated 
according to the same strategy, and they comprise any desirable combination between the 
binding sites of vWF to the sulfatides and/or to botrocetin and/or heparin and/or collagen and/or 
any residue responsible for a modification of the affinity of vWF for GPlb (pathologies of type 
II associated with vWF). In another embodiment, the domain capable of binding to collagen can 
also originate from the fragment of vWF between residues 911 and 1114 and described by Pareti 
et al. (J. Biol Chem. (1987) 262: 13835-13841). 

Example 4 : Coupling at C-terminal of HSA 

Plasmid pYG404 is described in the patent application EP 361 991 . This plasmid 
comprises a Hindlll restriction fragment coding for the prepro-HSA gene preceded by 21 
nucleotides naturally present immediately upstream from the translation initiator ATG of the 
PGK gene of S. cerevisiae. This fragment comprises a HindlH-Mstll restriction fragment 
corresponding to the totality of the gene coding for the HSA with the exception of the three 
amino acids closest to the C-terminal (leucine-glycine-leucine residues). The ligation of this 
fragment with any one of the MstH-Hindlll fragments described in Examples 2 or 3 allows the 
generation of Hindlll restriction fragments including composite genes coding for chimeric 
proteins in which a fragment of vWF having special properties is positioned in the translation 
reading frame at the C-terminal of the HSA molecule. Such composite genes are exemplified in 
the table of Figure 3B. 

Example 5 : Coupling at the N-terminal of HSA 

In a particular embodiment, the combined techniques of directed mutagenesis and PCR 
amplification allow the construction of hybrid genes coding for a chimeric protein resulting from 
the translational coupling between a signal peptide (and, for example, the prepro region of HSA), 
a sequence including a fragment of vWF which has properties of adhesion and the mature form 
of the HSA or one of its molecular variants. These hybrid genes are preferably flanked at 5' of 
the translation initiation ATG and at 3* of the translation stop codon by Hindlll restriction sites, 
which allows the generation of expression plasmids for these chimeric proteins, for example 
according to the strategy detailed in the following example. 
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Example 6 : Expression plasmids 

The chimeric proteins of the preceding examples can be expressed in yeasts from 
functional regulable or constitutive promoters such as for example those present in plasmids 
pYG105 (LAC4 promoter of Kluyveromyces lactis), pYG106 (PGK promoter of Saccharomyces 
cerevisiae), pYG536 (PH05 promoter of S. cerevisiae), or hybrid promoters such as those 
described in the patent application EP 361 991. Plasmids pYG105 and pYG106 are particularly 
useful here, because they allow the expression of genes coded by the Hindin restriction 
fragments of Examples E.4 and E.5 from functional promoters in K lactis, regulable (pYG105) 
or constitutive (pYG106). Plasmid pYG105 corresponds to plasmid pKan707 described in the 
patent application EP 361 991 in which the unique Hindlll restriction site located in the gene of 
resistance to geneticin (G418) was destroyed by directed mutagenesis while preserving an 
unchanged protein (oligodeoxynucleotide 5 f -GAAATGCATAAGCTCTTGCCATTCTCACCG- 
3'). The Sall-SacI fragment coding for the URA3 gene of the mutated plasmid was then replaced 
by a Sall-SacI restriction fragment comprising an expression cassette consisting of the LAC4 
promoter of K lactis (in the form of a Sall-Hindlll fragment) and of the terminator of the PGK 
gene of S. cerevisiae (in the form of a Hindlll-SacI fragment). Plasmid pYG105 is mitotically 
very stable in the Kluyveromyces yeasts and a restriction map of it is given in Figure 3. Plasmids 
pYG105 and pYG106 differ only in the nature of the transcription promoter encoded by the Sall- 
Hindlll fragment. As an example, the cloning "in the productive orientation" (defined as the 
orientation which places the "prepro" region of the albumin proximally with respect to the 
transcription promoter) of Hindlll restriction fragments of plasmids pYG1220, pYG1310, 
pYG1373, pYG1309, pYG1350, pYG1210, pYG1204, pYG1217, pYG1269, pYG1271, 
pYG1359, pYG1360, pYG1374, pYG1386 and pYG1276, in the Hindlll site of plasmid pYG105 
generates the expression plasmids pYG1248, pYG1313, pYG1375, pYG131 1, pYG1355, 
pYG1214, pYG1206, pYG1223, pYG1279, pYG1283, pYG1361, pYG1365, pYG1377, 
pYG1389 and pYG1277, respectively. 

Example 7 : Transformation of yeasts 

The transformation of yeasts belonging to the genus Kluyveromyces, and in particular the 
MW98-8C and CBS 293.91 strains of K lactis, is carried out for example using the whole cell 
treatment technique employing lithium acetate (Ito, H. et al., J. Bacterid. 153 (1983) 163-168), 
adapted as follows. The growth of the cells is carried out at 28°C in 50 mL of YPD medium with 
stirring and until the optical density at 600 nm (ODeoo) is between 0.6 and 0.8; the cells are 
harvested by centrifugation at low speed, washed in a sterile solution of TE (lOmM Tris-HCl, pH 
7.4; 1 mM EDTA), resuspended in 3-4 mL of lithium acetate (0.1M in TE) to obtain a cell 
density of approximately 2 x 10 8 cells/mL, and then incubated at 30°C for 1 h under moderate 
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stirring. Aliquots of 0.1 mL of the resulting suspension of competent cells are incubated at 30°C 
for 1 h in the presence of DNA and at a final concentration of 35% polyethylene glycol (PEG4ooo> 
Sigma). After a 5 min thermal shock at 42°C, the cells are washed 2 times, resuspended in 
0.2 mL sterile water and incubated for 16 h at 28°C in 2 mL of YPD medium to allow the 
phenotypic expression of the G418 resistance gene, expressed under the control of the Pki 
promoter (see EP 361 991); 200 (iL of the cell suspension are then spread on selective YPD Petri 
dishes (G418, 200 |ig/mL). The Petri dishes are then incubated at 28°C and the transfonnants 
appear after 2-3 days of cell growth. 

Example 8 : Secretion of the chimeras 

After selection on a rich medium supplemented with G41 8, the recombinant clones are 
tested for their capacity to secrete the proteins chimeric between HSA and vWF. Some clones 
corresponding to the CBS 293.91 strain, transformed, for example, with plasmids pYG1214 
(HSA-P1), pYG1206 (HSA-P2), pYG1223 (HSA-P1-XD-P2) and pYG1248 (HSA-P1-X-P2) or 
pKan707 (control vector) are incubated in YPD or YPL medium at 28°C. The cell supernatants 
are recovered by centrifiigation when the cells reach the stationary growth phase, they are 
optionally concentrated 10 times by precipitation for 30 min at -20°C at a final concentration of 
60% ethanol, and then tested after electrophoresis on an 8.5% SDS-PAGE gel or directly by 
staining the gel with Coomassie blue, or after immunoblot using, as primary antibodies, mouse 
antibodies directed against vWF or a polyclonal rabbit serum directed against HSA. In the 
immunological detection experiments, the nitrocellulose filter is first incubated in the presence of 
specific primary antibodies, washed several times, incubated in the presence of sheep antimouse 
antibodies (anti-vWF immunoblot) or sheep antirabbit antibodies (anti-HS A immunoblot), and 
then incubated in the presence of an avidinperoxidase complex using the "ABC kit" distributed 
by Vectastain (Biosys, S.A., Compiege, France). The immunological reaction is then developed 
by the addition of 3,3 , -diaminobenzidine tetrahydrochloride (Prolabo) in the presence of 
hydrogen peroxide, according to the manufacturer's recommendations. The results of Figures 4-8 
demonstrate that the yeast K. lactis is capable of secreting proteins chimeric between HSA and a 
fragment of vWF, and that these chimeras are recognized by antibodies specific for HSA or 
vWF. 

Example 9 : Purification and molecular characterization of the secreted products 

The chimeras present in the culture supernatants correspond to the CBS 293.91 strain, 
transformed, for example, by the expression plasmids according to Example 6, are characterized 
in a first step by means of specific antibodies for the HSA part and the vWF part. The results of 
Figures 4-8 demonstrate that the yeast AL lactis is capable of secreting proteins chimeric between 
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HSA and the fragment of vWF, and that these chimeras are immunologically reactive. It can also 
be desirable to purify some of these chimeras. The culture is then centrifuged (10,000 G, 30 
min), the supernatant is passed through a 0.22 mm [sic; nm] filter (Millipore), and then 
concentrated by ultrafiltration (Amicon) using a membrane whose discrimination threshold is at 
30 kd. The concentrate obtained is then dialized against a solution of Tris-HCl (50 mM, pH 8) 
and then purified on a column. For example, the concentrate corresponding to the culture 
supernatant of the CBS 293.91 strain transformed by plasmid pYG1206 is purified by affinity 
chromatography on Blue-Trisacryl (IBF). Purification by ion-exchange chromatography can also 
be used. For example, in the case of the chimera HSA-vWF470-713, the concentrate obtained 
after ultrafiltration is dialyzed against a solution of Tris-HCl (50 mM, pH 8) and then deposited 
in 20 mL fractions on a column (5 mL) of a cation-exchanger (S Fast Flow, Pharmacia) 
equilibrated in the same buffer. The column is then washed several times with the solution of 
Tris-HCl (50 mM, pH 8) and the chimeric protein is then eluted from the column by a gradient 
(0-1M) of NaCl. The fractions containing the chimeric protein are then combined and dialyzed 
against a solution of Tris-HCl 50 mM (pH 8), and then reapplied to an S Fast Flow column. After 
elution of the column, the fractions containing the protein are combined, dialyzed against water, 
and lyophilized before characterization: for example, the sequencing (Applied Biosystem) of the 
protein (HSA-vWF470-704 C471G, C474G) secreted by the yeast CBS 293.91 gives the 
expected N-terminal sequence of HSA (Asp-Ala-His...), demonstrating a correct maturation of 
the chimera immediately at the C-terminal of the doublet of the Arg-Arg residues of the "pro" 
region of HSA (Figure 1). The essentially monomeric character of the chimeric proteins between 
HSA and vWF is also confirmed by their elution profile on a TSK 3000 column (Toyo Soda 
Company, equilibrated by a solution of cacodylate (pH 7) containing 0.2M Na2S04): for 
example, the chimera (HSA-vWF 470-704 C471G, C474G) behaves tinder these conditions like 
a protein having an apparent molecular weight of 95 kd, demonstrating its monomeric character. 

Example 10 : Antagonist activity of the genetic hybrids between HSA and vWF for platelet 
agglutination 

The antagonistic activity of the products is determined by measuring the dose-dependent 
inhibition of the agglutination of human platelets fixed by paraformaldehyde according to the 
method described by Prior et al. (Bio/Technology (1992) 10: 66). The measurements are carried 
out in aggregometer (PAP-4, Bio Data, Horsham, PA, USA), which records the variations over 
time in the optical transmission under stirring at 37°C in the presence of vWF, botrocetin 
(8.2 mg/mL) and of the product to be tested at different dilutions (concentrations). For each 
measurement, 400 mL (8 x 10 7 platelets) of a suspension of human platelets stabilized with 
paraformaldehyde (0.5%, then resuspended in (NaCl (137 mM); MgCl 2 (1 mM); NaH 2 P0 4 
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(0.36 mM); NaHC0 3 (10 mM); KC1 (2.7 mM); glucose (5.6 mM); HSA (3.5 mg/mL); HEPES 
bufifer (10 mM, pH 7.35)) are preincubated at 37°C in the cylindrical cuvette (8.75 x 50 mm, 
Wellcome Distriwell, 159 rue Nationale, Paris) of the aggregometer for 4 min, and then 30 mL 
of the solution of the product to be tested are added at different dilutions in an apyrogenic 
formulation vehicle (mannitol (50 g/L); citric acid (192 mg/L); L-lysine monohydrochloride 
(182.6 mg/L); NaCl (88 mg/L); pH adjusted to 3.5 by the addition of NaOH (1M)), or of 
formulation vehicle only (control test). The resulting suspension is then incubated for 1 min at 
37°C and one adds 12.5 mL of human vWF (American Bioproducts, Parsippany, NJ, USA; 1 1% 
of von Willebrand activity measured according to the recommendations for use of the PAP-4 
(Platelet Aggregation Profiler®) with the aid of platelets fixed in formaldehyde (2 x 10 5 
platelets/mL), human plasma containing 0-100% vWF and ristocentin (10 mg/mL, see pp. 36- 
45: vW Program™) which one incubates at 37°C for 1 min before adding 12.5 mL of the 
botrocetin solution (purified from lyophilized venom from Bothrops jararaca (Sigma), according 
to the protocol described by Sugimoto et al., Biochemistry (1991) 266 ; 18172). The recording of 
the reading of the transmission as a function of time is then carried out for 2 min under stirring 
with the aid of a magnetized bar (Wellcome Distriwell) placed in the cuvette and under magnetic 
stirring at 1 100 rpm ensured by the aggregometer. The mean variation in the optical transmission 
(n 3 5 for each dilution) over time is thus a measurement of the platelet agglutination due to the 
presence of vWF and of botrecetine, in the absence or in the presence of variable concentrations 
of the product to be tested. From such recordings one then determines the % inhibition of the 
platelet agglutination due to each concentration of the product, and one traces the straight line 
giving the % inhibition as a function of the inverse of the dilution of the product on a log-log 
scale. The IC50 (or concentration of product causing 50% inhibition of the agglutination) is then 
determined on this straight line. The table of Figure 9 compares the IC50 of several HSA-vWF 
chimeras of the present invention and it demonstrates that some of them are better antagonists of 
platelet agglutination than the product RG12986 described by Prior et al. (Bio/Technology 
(1992) 10: 66) and included in the tests as a calibration value. Identical tests of the inhibition of 
the agglutination of human platelets in the presence of vWF from porcine plasma (Sigma) in 
addition allows the demonstration that some of the hybrids of the present invention, and notably 
some variants of type IIB, are very good antagonists of platelet agglutination in the absence of 
cofactors of the botrocetin type. The botrocetin-independent antagonism of these particular 
chimeras can also be demonstrated according to the protocol initially described by Ware et al. 
(Proc. Natl. Acad. Sci. (1991) 88: 2946) by displacement of the monoclonal antibody 125 I-LJ-IB1 
(10 mg/mL), a competitive inhibitor of the binding of vWF to platelet GPIb (Handa, M. et al., 
(1986) J. Biol. Chem. 261 : 12579) after 30 min of incubation at 22°C in the presence of fresh 
platelets (10 8 platelets/mL). 
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List of sequences 

(2) Information for SEQ ID NO: 1: 

(i) Characteristics of the sequence: 

(A) Length: 2591 bp 

(B) Type: nucleic acid 

(C) : Number of strands: double 

(D) : Configuration: linear 

(ii) Type of molecule: cDNA 

(iii) Hypothetical: no 
(iii) Antisense: no 

(ix) Additional characteristic: 

(A) Name/key: CDS 

(B) Location: 26..2S87 

Claims 

1 . Recombinant polypeptide consisting of an adhesive part derived from the structure of 
vWF capable of at least partially antagonizing the binding of vWF to platelets and/or the 
subendothelium, and of a part allowing its stabilization and in vivo presentation. 

2. Polypeptide according to Claim 1, characterized in that the adhesive part consists in its 
entirety or in part of the peptide sequence between residues 445 and 733 of vWF or a variant 
thereof. 

3. Polypeptide according to Claim 2, characterized in that the adhesive part presents a 
structure chosen from: 

(a) the peptide sequence between residues 445-733 of vWF, or, 

(b) a part of peptide sequence (a) capable of at least partially antagonizing the binding of 
vWF to GPlb and/or to the subendothelium, or 

(c) a structure derived from structures (a) or (b) by structural modifications (mutation, 
substitution, addition and/or deletion of one or more residues) and capable of at least partially 
antagonizing the binding of vWF to GPlb and/or to the subendothelium, or 

(d) a non-natural peptide sequence, for example one isolated from random peptide banks, 
and capable of at least partially antagonizing the binding of vWF to GPlb and/or the 
subendothelium. 
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4. Polypeptide according to Claim 3, characterized in that the adhesive part consists of a 
sequence chosen from the peptides of type PI , P2, X, XD and X* or any combination of these 
peptides with each other. 

5. Polypeptide according to Claim 4, characterized in that the combination of peptides is 
chosen from the peptides of type P1-P2, Pl-X, Pl-XD, Pl-X*, X-P2, XD-P2, X*-P2, P1-X-P2, 
P1-XD-P2 and Pl-X* -P2. 

6. Polypeptide according to Claim 4, characterized in that the adhesive part consists of 
any peptide of a type defined in Claims 4 and 5 represented more than once. 

7. Polypeptide according to one of Claims 1-6, characterized in that the adhesive part is 
coupled to the N-terminal end of the stabilizing structure. 

8. Polypeptide according to one of Claims 1-6, characterized in that the adhesive part is 
coupled to the C-terminal end of the stabilizing structure. 

9. Polypeptide according to one of Claims 1-8, characterized in that the stabilizing 
structure is a polypeptide having a high plasma half-life. 

10. Polypeptide according to Claim 9, characterized in that the polypeptide having a high 
plasma half-life is a protein such as albumin, apolipoprotein, an immunoglobulin or a transferrin. 

11. Polypeptide according to Claim 9, characterized in that the polypeptide having a high 
plasma half-life is derived by structural modifications) (mutation, substitution, addition and/or 
deletion of one or more residues, chemical modification) of a protein according to Claim 10. 

12. Polypeptide according to one of Claims 9-11, characterized in that the stabilizing 
structure is a weakly immunogenic or nonimmunogenic polypeptide for the organism in which it 
is used. 

13. Polypeptide according to Claim 9, characterized in that the stabilizing structure is an 
albumin or a variant of albumin. 

14. Nucleotide sequence coding for a polypeptide according to any one of Claims 1-13. 

15. Nucleotide sequence according to Claim 14, characterized in that it comprises a 
"leader" sequence allowing the secretion of the polypeptide expressed. 

16. Expression cassette comprising a nucleotide sequence according to one of Claims 14 
or 15 under the control of a transcription initiation region and optionally a transcription 
termination region. 

17. Self-replicating plasmid comprising an expression cassette according to Claim 16. 

18. Eukaryotic or prokaryotic recombinant cell into which a nucleotide sequence 
according to one of Claims 14 or 15, or an expression cassette according to Claim 16, or a 
plasmid according to Claim 17, has been inserted. 

19. Recombinant cell according to Claim 18, characterized in that it is a yeast, an animal 
cell, a fungus or a bacterium. 
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Figure 1 (a) 



CTG CTT GAA TGT OCT GAT GAC AGG GCG GAC CTT GCC AAG TAT ATC TGT GAA AAT CAA GAT 

Leu Leu Glu Cys Ala Asp Asp Arg Ala Asp Leu Ala Lys Tyr He Cys Glu Asn Gin Asp 269 



TOG ATC TCC AGT AAA CTG AAG GAA TGC TGT GAA AAA CCT CTG TTG GAA AAA TCC CAC TGC 
Ser He Ser Ser Lys Leu Lys Glu cys Cys Glu Lys Pro Leu Leu Glu Lys Ser His Cys 

ATT GOC GAA GTG GAA AAT GAT GAG ATG OCT OCT GAC TTG CCT TCA TTA GCT GCT GAT TTT 
He Ala Glu Val Glu Asn Asp Glu Met Pro Ala Asp Leu Pro Ser Leu Ala Ala Asp Phe 



TTT TTG TAT GAA TAT GCA AGA AGG CAT OCT GAT TAC TCT GTC GTA CTG CTG CTG AGA CTT 
Phe Leu Tyr Glu Tyr Ala Arg Arg His Pro Asp Tyr Ser Val Val Leu Leu Leu Arg Leu 



289 



309 



GTT GAA AGT AAG GAT GTT TGC AAA AAC TAT OCT GAG GCA AAG GAT GTC TTC CTG GGC ATG 

Val Glu Ser Lys Asp Val cys Lys Asn Tyr Ala Glu Ala Lys Asp Val Phe Leu Gly Met 329 



349 



GOC AAG ACA TAT GAA ACC ACT CTA GAG AAG TGC TGT GCC GCT OCA GA T CCT CAT GAA TGC 

Ala Lys Thr Tyr Glu Thr Thr Leu Glu Lys Cys Cys Ala Ala Ala Asp Pro His Glu Cys 369 

TAT GCC AAA GTG TTC GAT GAA TTT AAA OCT CTT GTG GAA GAG CCT CAG AAT TTA ATC AAA 

Tyr Ala Lys Val Phe Asp Glu Phe Lys Pro Leu Val Glu Glu Pro Gin Asn Leu lie Lys 389 

CAA AAT TGT GAG CTT TTT GAG CAG CTT GGA GAG TAC AAA TTC CAG AAT GCG CTA TTA GTT 

Gin Asn Cys Glu Leu Phe Glu Gin Leu Gly Glu Tyr Lys Phe Gin Asn Ala Leu Leu Val 409 

OGT TAC ACC AAG AAA GTA GCC CAA GTG TCA ACT OCA ACT CTT GTA GAG GTC TCA AGA AAC 

Arg Tyr Thr Lys Lys Val Pro Gin Val Ser Thr Pro Thr Leu Val Glu Val Ser toy Asn 429 

CTA GGA AAA CTG GGC AGC AAA TGT TGT AAA CAT CCT GAA GCA AAA AGA ATG CCC TGT GCA 

Leu Gly Lys Val Gly Ser Lys Cys Cys Lys His Pro Glu Ala Lys Arg Met Pro cys Ala 449 

GAA GAC TAT CTA TCC GTG GTC CTG AAC CAG TTA TGT GTG TTG CAT GAG AAA ACG OCA GTA 

Glu Asp Tyr Leu Ser Val Val Leu Asn Gin Leu cys Val Leu His Glu Lys Thr Pro Val 469 
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529 



AGT GAC AGA GTC ACC AAA TGC TGC ACA GAA TCC TTG GTG AAC AGG OGA OCA TGC TTT TCA 
Ser Asp Arg Val Tfcr Lys cys Cys Ttir Glu ser Leu Val Asn Arg Arg Pro c£ Phe ser 

GCT CTG GAA GTC GAT GAA ACA TAC GTT CCC AAA GAG TTT AAT GCT GAA ACA TTC ACC TTC 
Ala Leu Glu Val Asp Glu Thr Tyr Val Pro lys Glu Phe Asn Ala Glu Thr Phe Th5 SS 

u?^ v?^ ^CT GAG AAG GAG AGA CAA ATC AAG AAA CAA ACT GCA CTT 

His Ala Asp He Cys Thr Leu Ser Glu Lys Glu Arg Gin He Lys Lys Gin Thr Ala Leu 

SIT Jr^? AAG QCA AA ^ GAG C ^ G *^A GTT ATG GAT 

Val Glu Leu Val Lys His Lys Pro Lys Ala Thr Lys Glu Gin Leu Lys Ala Val Het top 549 

0CT AOC TGC TTT GCC 

Asp Phe Ala Ala Ehe Val Glu Lys Cys Cys Lys Ala Asp Asp Lys Glu Thr Cys Phe Ala 569 

^^OTAAAAAACTTGTTCXTGCAAGTCAAGCT QcSaJSC TTA AOC TGT GAA GCC 

Glu Glu Gly Lys Lys Leu Val Ala Ala Ser Gin Ala Ala Leu Gly Leu Thr Cys Glu Ala 589 

SAH< 1 >VWP 



Figure 1 (b) 
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CTG TAT GTG GAG GAC ATC TOG GAA CCG CCG TTG CAC GAT TTC T AC W °xr AQG CTA CTC 

L&U Tyr Val Glu ASD He Ser Glu j*, Pro Leu His Asp Phe aS^Sr Arg Leu Leu 629 

GAC CTG GTC TTC CTG CTG GAT GGC TCC TOC AGG CTG TOC GAG GCT GAG TTP GAA nr mv» 
> ** «-» Val Phe Leu Uu Asp Gly Ser Ser Arg Leu Ser Glu Ala Glu Phe Glu Val Leu 649 

AAG GCC TTT GTG GTG GAC ATG ATG GAG CGC CTG CGC ATC TOC CAG AAG TQ3 nr rrv» <-«iv» 

Lys Ala Phe Val Val Asp Het Met Glu Arg Leu Arg x2 S £ S SE S S 66* 



GOC GTG GTG GAG TAC CAC GAC GGC TCC CAC GCC TAC ATC GGG CTC AAG hao rw /v» 
Ala Val val Glu Tyr His Asp Gly Ser His Ala Tyr lie Oly Leu Lys Asp Arg Lys Arg 



TAA GCTT 



689 



COS TCA GAG CTG OGG CGC ATT GCC AGC CAG GTG AAG TAT GOG GGC AGC CAT nr r**n 

Pro Ser Glu Leu Arg Arg lie Ala Ser Gin Val Lys gj S £ SS 53 S S 709 



729 



ADC AGC GAG GTC TTG AAA TAC ACA CTG TTC CAA ATC TTC AGC AAG ATC G*r nry* r>™ 
T*r Ser Glu Val Uu l*s Tyr Thr Leu Phe Gin x2 S £ J£ S S S S SJ 

GOC TCC CGC ATC GCC CTG CTC CTG ATG GCC AGC CAG GAG CCC CAA rrx* itr* tv^ 

Ala Ser Arg He Ala Leu Leu Leu Mec Ala ser Gin Glu Pro Gin Arg Met Ser Arg Asn 749 

R» Val Arg Tyr Val Gin Gly Leu Lys Lys Lys Lys Val lie Val He Pro Val Sy SI 769 

^^^^^^^^^^^ATC^^CAGCKECCTGAGAACAA^ 

Gly Pro His Ala Asn Leu Lys Gin He Arg Leu lie Glu Lys Gin S PrS SS £S 789 



Figure 1 (c) 
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Key: 1 (optional) peptide linker 
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PLASMDI 
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STRATEGIE O'OBTENTION 

© 

PCR sur pET-8c52K 
(Sq19694Sq2029) 

PCR^pSE 
(Sq2149+Sq2622) 

PCRWpET-ecsac 

(Sq3fl37+Sq2622) 

® 

PCR sur pET-8cS2K 
(Sq2621+Sq2622) 

^Substitution du fragment MstH-Pstl 
de PYG1309 par Sq2751+Sq2752 

PCR sur pET-6c52K 
(Sql969+Sq1970) 



insertion du fragment Mstf-BgU 
austteMstlidebSAH 
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PCR sur pS 
(Sq2149+Sq2029) 
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i^^ubsttulioa du fragment EcoRV-Mkif 
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Figure 3 (b) 
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